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Abstract  
 
 For years, traditional mathematics instruction has prioritized memory over thought; this 
often leads to a disconnect between mathematics and real life, which is a contributing factor for 
the increased rate of college students having to take remedial mathematics. Experiential Learning 
(EL) seeks to influence students’ decisions to transfer what they are learning to the classroom by 
engaging students’ emotional processes through concrete experiences. EL has been successful 
over the years in increasing student engagement and conceptual understanding; however, more 
research is needed to examine the effect of EL with secondary mathematics students. The 
purpose of this study was to examine the impact of EL on students’ conceptual understanding of 
linear and exponential functions using a quasi-experimental 2x2 repeated measures design. 
Quantitative data was collected through pretest and posttest instruments, while anecdotal data 
was collected through classroom observations. Participating in the study were eighty-one 
students in two groups; the control group participated in traditional mathematics instruction, and 
the experimental group participated in EL. Results from the quantitative data F(1,79) = 9.55, p = 
.003 indicated students in the experimental group demonstrated growth in their conceptual 
understanding of functions more than students in the control group. When compared to 
Traditional Mathematics Instruction (TMI), implementing EL strategies did not negatively 
impact scores of students in the experimental group, as they were able to perform as well or 
better than students in the control group, albeit not always at a statistically significant level. 
Implications from this study include: EL is just as effective as TMI in the mathematics 
classroom, students in classrooms where EL is used are more engaged with the concept than 
students in a TMI classroom, and providing professional development for high school 
mathematics teachers may generate positive results in the classroom.    
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Chapter 1: Introduction and Rationale 
 
 In their pedagogic creed, Dewey and Small (1897) believed that education is not a 
preparation for living in the future, or for some specific future event because we cannot know 
what the future will be. Therefore, it is unreasonable to expect teachers to prepare students for 
“any precise set of conditions” (p. 77), rather it is the job of an educator to prepare students to be 
in command of themselves and their capacities. Furthermore, it is the job of educators to prepare 
students so that their eyes, hands, and ears “may be tools ready to command, that his judgment 
may be capable of grasping the conditions under which it has to work, and the executive forces 
be trained to act economically and efficiently” (p. 77). The appeal to educational institutions by 
Dewey and Small (1897) to equip students to be ready to use the tools at their disposal, is a 
responsibility that rests upon classroom educators. 
The responsibility to prepare students to the degree that Dewey and Small (1897) suggest 
requires that students be engaged during the learning process, but according to recent Student 
Gallup Polls (2013-2016), the engagement of students appears to be waning. In multiple surveys 
amassing more than 3 million students since 2013, the findings indicate that the longer students 
are in public school, the less engaged they become. The Gallup Student Polls begin in the fifth 
grade where engagement is at its highest and continue through the twelfth grade where 
engagement reaches its lowest point. Additionally, in a survey of high school student 
engagement, Yazzie-Mintz (2010) found that 66% of students surveyed reported being bored 
every day. Eighty-one percent reported boredom because the material was not interesting, and 
42% reported boredom because the classroom material was irrelevant. This trend of 
disengagement found by Yazzie-Mintz appears to be continuing as evidenced by the Student 
Gallup Polls. In their article, Kaplan, Peck, and Kaplan (1997) remind us that the consequences 
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of student disengagement are poor academic performance and eventual dropout. While Gallup 
Student Polls (2013, 2014, 2015, 2016) and studies (Yazzie-Mintz, 2010) do not represent all 
American public high school students, the findings of these studies do create some concern 
because of the implications for learning that a lack of engagement can have (Archambault, 
Janosz, Fallu, & Pagani, 2009; Kaplan, Peck, & Kaplan, 1997; Carini, Kuh, & Klein, 2006; Van 
Auken, 2013). In each of the studies mentioned above, a negative academic experience was at 
the core of students becoming disengaged, and their learning was impacted. In some studies, the 
impact was on grade point average and standardized test scores (Carini, Kuh, & Klein, 2006), 
while in the other studies (Kaplan et al., 1997; Archambault et al., 2009) the impact was evident 
through an increase in student dropout. Archambault et al. (2009) found that student dropout 
from high school is likely a “consequence of affective and cognitive disengagement” (p. 666).  
The impact to learning found in these studies underscores the importance of engaging students 
by providing positive academic experiences. 
Unfortunately, the impact that negative academic experiences have on learning does not 
stop once students leave secondary institutions. Studies that followed students after high school 
(Schanzer, 2015; Rose & Betts, 2004) found that success in high school mathematics courses 
impacts the learning gap between low and middle-income families. Furthermore, algebra and 
geometry courses were related to higher income earnings ten years after graduating from high 
school. High school mathematics courses continue their impact even at the collegiate level. 
Bailey, Jeong, and Cho (2010) and Attewell, Lavin, Domina, and Levey (2006) discuss that even 
after entering college, remedial mathematics either severely delayed student graduation or kept 
them from finishing at all. Additionally, the impact of disengaged students on post-secondary 
education extends to those who do not require remedial mathematics. In their study, Watkins and 
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Mazur (2013) found that students at four-year colleges and universities indicated that classroom 
environments were not warm and appealing and that the presentations prepared by their 
professors were boring and not organized.  
Overcoming the impact of negative classroom experiences on student learning can be 
accomplished by providing classroom experiences that focus on conceptual understanding. 
Watkins and Mazur (2013) mention that classrooms with a focus on activities where feedback 
was provided through discussion with peers or instructors resulted in gains on assessments of 
conceptual understanding. Ohlsson and Rees (1991) indicate that focusing on conceptual 
understanding in the classroom impacted students’ learning of procedural skills. Arslan (2010) 
found in his study how a focus on teaching for conceptual understanding in the classroom 
supported and produced procedural learning. The importance of teaching for conceptual 
understanding was also emphasized by Kalchman and Koedinger (2005) by stating that if 
students’ conceptual understanding is weak, then they often fail at even the most basic algebra 
problems. Research studies imply that teaching for conceptual understanding can aid in the 
development of procedural skills and improve problem-solving ability (Arslan, 2010; Chappell & 
Killpatrick, 2003). Furthermore, research also implies that students in classrooms where 
conceptual understanding is the focus have demonstrated growth in their standardized test scores 
mathematics and English, and have demonstrated a need to deepen their understanding so they 
can apply their knowledge to problems that are meaningful to them (Terada, 2018). 
Conceptual understanding of functions as defined by O’Callaghan (1998) and Kalchman 
and Koedinger (2005) is considered one of the most important concepts in algebra (O’Callaghan, 
1998) and is the fluency of students to transition between multiple representations of functions 
(Arcavi, 2003; Davis, 2005; Lesh, Hester, & Hjalmarson, 2003; Pape & Tchoshanov, 2001).  
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One instructional teaching method focused on developing conceptual understanding 
through personal experience is Kolb’s Experiential Learning Theory (1984). Kolb believed that 
“knowledge is created through the transformation of experience” (pg. 41). Kolb’s Experiential 
Learning Theory and cycle of learning consists of four phases, concrete experience (CE), 
reflective observations (RO), abstract conceptualizations (AC), and active experimentation (AE). 
As students are guided through the four phases, concrete experiences can be translated into 
abstract concepts through the process of reflective observations. These reflective observations 
and abstract conceptualizations serve to further guide the learner towards active experimentation 
and the opportunity for the cycle to be repeated through their choice to partake in new 
experiences. Research has shown that active learning or “learning by doing” has resulted in 
positive learning outcomes (Benek-Rivera & Matthews, 2004; Smart & Csapo, 2007). This study 
offered students a different classroom experience. Using Experiential Learning (EL) and the 
Experiential Learning Spiral (ELS) (Kolb, 2012b), students in this study were involved in 
activities that provided concrete experiences to illustrate the concept being taught. ELS has been 
successful over the years in increasing student engagement, conceptual understanding, and 
learning (Abdulwahed & Nagy, 2009; Iliff, 1994; Healey & Jenkins, 2000). What has not been 
shown in research is the impact that EL and ELS have on student conceptual understanding of 
linear and exponential functions in ninth-grade algebra. Therefore, the impact that EL had on 
students’ conceptual understanding of linear and exponential functions in ninth-grade algebra 
was investigated in this study. 
The present study focused on the impact of EL on students’ conceptual understanding of 
linear and exponential functions in algebra. These particular functions were chosen because of 
their importance in the freshman algebra curriculum. Of the six units that comprise freshman 
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algebra, linear and exponential functions consist of three of these units, with specific standards 
also appearing in other units. Furthermore, it has been my experience and research supports that 
students struggle with the characteristics of these functions as freshmen and continue this 
struggle well into their senior year (Teuscher & Reys, 2013; Nagle, Moore-Russo, Viglietti, & 
Martin, 2013).  
Definition of Terms 
To maintain understanding and consistency throughout the study, the following 
operational definitions were used: 
Conceptual Understanding. The fluency at which students transition through multiple 
representations of functions by modeling, interpreting, translating functions and reifying 
(O’Callaghan, 1998; Lesh, Hester, & Hjalmarson, 2003; Pape & Tchoshanov, 2001; Arcavi, 
2003; Davis, 2005). 
Experiential Learning (EL). Experiential learning is the concept of learning that occurs 
through real-life scenarios or experiences and learning by doing (Dewey, 1938). 
Experiential Learning Spiral (ELS). A cycle (see figure 1) where knowledge is 
developed by guiding students through Concrete Experiences (CE), Reflective Observations 
(RO), Abstract Conceptualizations (AC), and Active Experimentation (AE) (Kolb & Kolb, 
2012b). 
Inquiry Learning. Using teacher pedagogical content knowledge to design lessons that 
engage students in doing what scientists do, such as active inquiry through metacognition and 
active involvement with a problem (Minner, Levy, & Century, 2010). 
Structured Inquiry. A hands-on experience where the teacher provides all materials 
necessary for students to investigate the problem. The expected outcome of the experience is not 
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communicated before the investigation and students analyze collected data to discover the 
relationships between the variables (Colburn, 2000b).   
Interpreting Functions. Interpreting functions represented in different ways in terms of 
real-life applications. Examples of this would include the fluency of students to provide 
characteristics of linear and exponential functions within the context of the representation given. 
(O’Callaghan, 1998). 
Modeling Functions. Transitioning from a problem situation to a mathematical situation. 
Examples would include the fluency of students to transition from a linear or exponential word 
problems to tables, equations, and graphs (O’Callaghan, 1998). 
Science Technology Engineering and Mathematics (STEM). Intentional integration of 
science, technology, engineering and mathematics in education to solve real-world problems 
(Labov, Reid, & Yamamoto, 2010; Sanders, 2009). 
Traditional Mathematics Instruction (TMI). Algebra classes that overemphasize 
symbolism, manipulative skills, and rote memorization at the expense of the development of 
conceptual understanding and the ability to problem solve (O’Callaghan, 1998). 
 Translating Functions. Transitioning from one representation (equation, table, or graph) 
to another. Examples would include the fluency of students to translate a problem situation to a 
graph (O’Callaghan, 1998). 
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Chapter 2: Review of the Literature 
 
 The research has shown that upon entering college, students need remedial mathematics 
at an alarming rate (Schanzer, 2015; Rose & Betts, 2004). Furthermore, those who are capable of 
pursuing careers involving mathematics are leaving these fields of study to pursue degrees that 
do not require mathematics or STEM. In both scenarios, a negative academic experience from 
secondary institutions seems to be the catalyst for these two events occurring. In her book, 
Walthall (2016) states that we have assumed that students today understand the concepts of 
mathematics as long as they can complete the algorithms taught in class. The problem with this 
approach, according to Walthall is that students have been affected by these negative experiences 
in their classrooms; the algorithmic teaching they have experienced has left them in a state where 
most are not able to function conceptually. She also goes on to say that the lessons in the 
classroom need to focus less on performance and more on learning. In his book, Pink (2012) 
states that we have come through an Agriculture Age, an Industrial Age, we are currently in the 
Information Age, and we are quickly moving to a “Conceptual Age” (p. 49). This age is 
characterized by those who are ingenious, empathizers, those who can recognize patterns, and 
those who make meaningful connections as well as see connections where others cannot. This 
age requires that students possess the ability to think conceptually, and fluently transfer what 
they know and understand to different situations. 
 Additionally, the role that inquiry, EL, and best mathematics teaching practices have on 
the development of conceptual understanding will be discussed. Concluding this section will be a 
definition of TMI, as well as a discussion of the effects of traditional mathematics instruction on 
students, and how EL provides a vehicle for changing the way mathematics is taught in today’s 
classroom. 
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Conceptual Understanding of Functions 
In this study, the primary source for the definition of conceptual understanding was found 
in O’Callaghan (1998) and is anchored in the idea that students build conceptual understanding 
of functions in mathematics by working with multiple representations. This idea, however, is not 
unique to O’Callaghan (1998) but is put forth by other scholars (Lesh, Hester, & Hjalmarson, 
2003; Pape & Tchoshanov, 2001; Arcavi, 2003; Davis, 2005). Functions are considered by many 
to be one of the most important topics covered in mathematics (Dubinsky 1993; O’Callaghan, 
1998; Knuth 2000; Brenner et al., 1997). The first time that many students will encounter 
functions is during their first year of algebra. As argued previously, this first year of algebra is 
significant to students’ success during and after high school. In their article, Ohlsson and Rees 
(1991) state that “Procedures learned without conceptual understanding tend to be error-prone, 
are easily forgotten, and do not transfer easily to novel problem types” (p. 104). 
 Furthermore, they also state that if we teach for conceptual understanding, the 
procedures and principles that teachers typically focus on become easier to learn and 
comprehend. Kalchman and Koedinger (2005) also support the importance of teaching for 
conceptual understanding by stating that if students’ conceptual understanding is weak, they 
often fail the most basic algebra problems. Davis (2005) warns of the dangers of solely focusing 
on building conceptual understanding and not on procedural knowledge as well. He states that 
the building of conceptual knowledge and procedural knowledge should connect through 
classroom activities.  
So, what does a conceptual understanding of functions look like in the mathematics 
classroom? In the case of linear functions Chiu, Kessel, Moschkovich, and Muñoz-Nuñez (2001) 
state that conceptual understanding in the “domain of linear functions includes much more than 
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knowing procedures; it involves understanding the connections between representations (e.g., the 
graphical and algebraic representations)” (p. 220). In their study, Pierce, Stacey, and Bardini 
(2010) state that students need to develop their “conceptual understanding of both variables (x 
and y) and parameters (m and c), and to comprehend the different roles they play in the rule” (p. 
202). In the Pierce et al. (2010) study, classroom observations were conducted, pre- and post-
tests were given, and interviews with three teachers and seventy-three 15-year-olds from four 
classes were administered. The study was a two-year project that involved students working with 
real-world contexts and graphing calculators. An interesting find in their research was the 
difficulty that students had in perceiving all the roles that c (y-intercept) can perform for a 
function.  
Additionally, students had a difficult time interpreting the changes in m (rate-of-change) 
when moving from a contextual representation to a graphical one. Students failed to see that the 
rate-of-change must be examined in equal time intervals and that the change is the same (m) in 
each time interval. The literature is saying that for students to demonstrate a conceptual 
understanding of linear functions, they need to interpret, model, and translate the parameters (m 
and c) and the variables (x and y) of linear functions with fluency, and do so with multiple 
representations. This concept of using multiple representations is supported by NCTM (2014) as 
they encourage teachers of mathematics to use and connect mathematical representations. 
Teachers should be encouraging students during their lessons to make connections between the 
different representations so that students can deepen their understanding.  
Another important concept of algebra that students struggle to understand conceptually is 
exponential functions. Previously, I have discussed what it means for students to demonstrate 
their conceptual understanding of linear functions, but what about exponential functions? In his 
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article, Weber (2002) described the levels in which students learn exponential functions? The 
first stage toward developing conceptual understanding is “exponentiation as an action” (p. 2). 
Students on this level of understanding see exponential functions as an iterative process 
involving repeated multiplication. Students who have moved beyond this level understand 
exponential functions as “exponentiation as a process” (p. 3). Weber states that students who 
have reached this level of conceptual understanding can interpret exponentiation as a function 
and reason about the characteristics and parameters (e.g., rate of change and intercepts) of this 
function. Students who reach a full conceptual understanding of exponential functions can see 
the relationship that exists between exponential and logarithmic functions. Since the focus of this 
study is on algebra 1, it would be unreasonable to expect students to reach this level of 
conceptual understanding. Therefore, for students to demonstrate a conceptual understanding of 
exponential functions, students need to interpret, model, and translate the parameters (rate-of-
change and y-intercepts) of exponential functions with fluency, and do so with multiple 
representations.  
Algebra 1 is a requirement for all students entering the ninth grade. Algebra 1 classes 
offered at each high school can vary slightly. All schools will provide at least regular education 
classes as well as honors. Some schools offer an accelerated program where students will 
complete the algebra 1 curriculum and some portion of the tenth-grade geometry curriculum. 
Additionally, students who entered ninth-grade and were identified in the middle school as being 
at risk for failing algebra may be required to complete foundations of algebra before entering 
algebra 1. The focus of algebra one is the understanding of functions (linear, exponential, and 
quadratic). The prerequisite for students to be eligible for algebra 1 is the successful completion 
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of an eighth-grade mathematics course. Upon successful completion of algebra 1, students will 
then move on to tenth-grade geometry. 
Experiential Learning Theory and Inquiry 
Experiential Learning Theory was created by David Kolb (1984) as a theory to unify the 
works of John Dewey, Jean Piaget, Kurt Lewin, Paulo Freire, Carl Jung, Lev Vygotsky, Carl 
Rogers, and William James, as well as others. The framework created by Kolb entails a process 
where knowledge is created as students are guided through a four-stage cycle (Figure 1) known 
as the Experiential Learning Spiral (ELS) (Kolb & Kolb, 2102b). This cycle consists of concrete 
experience (CE), reflective observation (RO), abstract conceptualization (AC), and active 
experimentation (AE) (Kolb & Kolb, 2102a); and learning occurs at peak levels when all four 
phases of the cycle are implemented in the lesson (Abdulwahed & Nagy, 2009). 
 
Figure 1. Experiential Learning Spiral. Adapted from Kolb (2012). 
Concrete experience (CE). In his research, Kolb (1984) states that “knowledge results 
from the combination of grasping and transforming experience” (p. 41). This portion of the cycle 
includes the students’ personal participation or involvement in a new experience. The purpose of 
this phase is to engage the student so that they want to continue “grasping and transforming” the 
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experience. In this phase of the cycle, students are introduced to a personal experience that 
requires the student to be involved with some concept in a personal way. In their article, 
Immordino-Yang and Damasio (2007) studied the relationship between emotions and social 
neuroscience and education. They state that educators often fail to consider the relationship that 
exists between the high-level cognitive processes taught in schools, emotional processes, and 
decision making. The authors consider emotions as shelves upon which cognition is supported. 
Furthermore, their research suggests that emotions manifest themselves through decision 
making. Therefore, if students are going to choose to transfer what they are learning in the 
classroom and apply it to real-life or real-world scenarios, then they need to be engaged 
emotionally. The concrete experience is designed to capture student attention through the 
engagement of their emotional processes. This, in turn, will ultimately engage their higher-level 
cognitive skills and hopefully influence their decision to transfer their experience as they move 
to the next phase, reflective observations (Immordino-Yang & Damasio, 2007). 
Reflective observation (RO). In this phase of the cycle, students are encouraged to focus 
on what they have experienced and the meanings that underlie that experience. During this time, 
the focus is not on how to apply what they have experienced, or what meanings they have 
derived, but instead on understanding what they have observed. Students in this phase should be 
focused on “what is true or how things happen” (Kolb, 1984, p. 68). The purpose of this phase is 
for students to begin a metacognitive transformation of what they have experienced. This portion 
of the cycle does not conclude the activity but rather prepares students for moving into the next 
phase.  
 Abstract conceptualization (AC). In this phase of the cycle, students shift their focus 
toward using the ideas and understandings they discovered during the reflective phase. Students 
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begin to develop theories, as well as draw conclusions and analyze what they learned during their 
experience (Gorghiu & Santi, 2016). This phase prepares students to enter the next phase, active 
experimentation.   
Active experimentation (AE). In this phase of the cycle, students are prompted to apply 
their ideas and theories to new problems or experiences. This phase is about the application of 
the theories and not about reflecting or conceptualizing. Students in this phase are taking what 
they have experienced, reflected over, and conceptualized and using this knowledge to solve new 
problems or conduct new experiments. 
Unfortunately, much of the research in support of ELS as defined by Kolb (1984), was 
not conducted in high school mathematics or science classrooms (Baker & Robinson, 2016). 
However, there is still a growing body of research that supports the implementation of ELS 
within higher education, as well as adult education. In his meta-analysis, Iliff (1994) analyzed 
101 studies and found that 49% of the studies indicated strong support for Kolb’s theory. In their 
research, Abdulwahed and Nagy (2009) examined the impact of applying ELS in engineering 
laboratory education. The study by Abdulwahed and Nagy (2009) was conducted on second-year 
chemical engineering students. About 70 students participated in a class where a virtual lab was 
used to introduce the theoretical concepts of the actual hands-on concepts that the students would 
be performing. Students were divided into four groups, with two groups receiving treatment, and 
two groups acting as control groups. A post-lab test was given to students to highlight their 
ability to transform the knowledge they learned in the pre-lab session into mental models for 
future experiments. For most of the post-lab test questions the experimental and control groups 
scored close, however, on questions involving in-depth analysis, students from the experimental 
group performed better (p<.05) than students from the control group. This finding indicates that 
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organizing the lab experience according to EL had a significant impact on students’ conceptual 
understanding (Abdulwahed and Nagy, 2009). 
 In their article, Healey and Jenkins (2000) discuss that ELS can be used to improve 
student learning by providing a way to restructure the curriculum for either one lesson or an 
entire course. This restructuring of a course or lesson centers around the four-phase cycle of 
ELS. Teachers should be mindful that ELS is vital not only by accentuating learning by 
reflecting on the experience but also in the planning of the course or lesson. To implement EL in 
the classroom, teachers must be prepared to take students through the stages of ELS, especially 
the first time. Then as students become familiar with this method of learning, they will reflect on 
their experience and move through the cycle on their own (Healey & Jenkins, 2000). 
This idea of taking students through the four stages of Experiential Learning Theory 
indicates that the teacher needs to guide students through each stage. The teacher, acting as a 
guide or facilitator, is similar to inquiry teaching (Stonewater, 2005). The purpose of inquiry 
instruction as explained by Stonewater (2005) is for students to take control of their own 
learning, which is also a key component of ELS (Kolb & Kolb, 2012c); to learn through 
experience by reflecting over what they have observed, another key component of ELS (Kolb, 
1984); and for the teacher to be an instrumental part of facilitating and modeling while moving 
students along this path (Stonewater, 2005, Healey & Jenkins, 2000). In his article, Colburn 
(2000b) defines inquiry as “the creation of a classroom where students are engaged in essentially 
open-ended, student-centered, hands-on activities” (p. 42).   
In their synthesis of research from 1984 to 2002, Minner, Levy, and Century (2010) 
identified a lack of an accepted definition for inquiry instruction within the field of science, and 
thus developed a framework that could be used to classify inquiry science instruction. Inquiry 
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learning has been prominent in science education, and can be classified in three distinct ways: (a) 
what scientists do, such as conducting research; (b) ways in which students learn, such as active 
inquiry through metacognition and active involvement with a problem; and (c) the 
implementation of teachers’ pedagogical content knowledge, such as the design of the lessons to 
engage students into further exploration of the subject. Inquiry learning has been at the forefront 
of much research and has proven to be beneficial by increasing content understanding and 
processing skills, higher pass rates on statewide tests, gains on standardized achievement tests by 
underserved urban students, and increased self-confidence in scientific abilities (Geier et al. 
2007; Gormally, Brickman, Hallar, & Armstrong, 2009). It is not without its critics; however, 
Kirschner, Sweller, and Clark (2006) claim that minimally guided instruction, while appealing 
and popular, are less effective than approaches to teaching that emphasize guidance of the 
student learning process. This claim by Kirschner et al. (2006) is too broad, including inquiry 
and discovery instruction in the same category. This definition of inquiry as a “minimally guided 
instruction” by Kirschner et al. (2006) is not how many researchers would describe inquiry 
instruction in the classroom (Colburn, 2000b; Hmelo-Solver, Duncan, & Chinn, 2007; Furtak, 
Seidel, Iverson, & Briggs, 2012; Minner, Levy, & Century, 2010; Schroeder, Scott, Tolson, 
Huang, & Lee, 2007). For this study, the definition of structured inquiry by Colburn (2000b) was 
used when discussing inquiry-based teaching practices. 
Since the research is being conducted in an Algebra 1 classroom, there are some best 
mathematical teaching practices that promote student achievement and learning. The following is 
a discussion of these practices and how they can be found in EL.  
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Best Mathematics Teaching Practices 
There has been much literature written on what constitutes best mathematics teaching 
practices (Anthony & Walshaw, 2009; Anthony & Walshaw, 2010; Fennema & Nelson, 2013; 
Hiebert & Grouws, 2007; Reynolds & Muijs, 1999), yet there does not exist a clear definition. 
Literature does, however, give us components that are evident in effective mathematics teaching 
practices (Anthony & Walshaw, 2009).  
The mathematical teaching practices outlined by NCTM (2014) encourages teachers to 
implement tasks that promote reasoning and problem solving, facilitate mathematical discourse, 
pose purposeful questions, and support productive struggle in learning mathematics. These 
practices from NCTM are also important in EL. Students taught with EL strategies were exposed 
to a concrete experience that was designed to engage the students and promote reasoning and 
problems solving. Purposeful questions were then used to help guide students through the 
reflective observation phase of the cycle. During this phase, there was much discourse with their 
partner and the teacher so that misconceptions could be avoided. As students moved through the 
rest of the stages some of them struggled, and this encouraged more discourse between them and 
their peers, as well as the classroom teacher. 
According to Wilson, Cooney, and Stinson (2005), the goal of effective mathematics 
pedagogy is to “promote analysis, thinking, and problem-solving” (p. 85).  Included in effective 
mathematics teaching practices are components that are also found in EL and inquiry teaching, 
these include: a) caring communities; (b) meaningful activities; and (c) collaboration. 
Caring communities. The first component of good mathematics teaching is establishing 
a caring community; students need to feel that you are getting to know them as an individual 
(Wilson et al., 2005). Beyond caring about students as individuals, teachers need to believe and 
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emphasize that all students can achieve by setting high, yet realistic goals (Anthony & Walshaw, 
2009; Reynolds & Muijs, 1999). In a study conducted by Wang (2012), teachers allowed their 
students to have autonomy, supported them emotionally, and set high expectations in the 
classroom. This influenced their future achievement outcomes (Wang, 2012; Jussim & Eccles, 
1992). In their article on ELS Kolb and Kolb (2102c) emphasized that the learning space, in 
which ELS is going to be implemented, needs to be “a hospitable, welcoming space that is 
characterized by respect for all” (p. 1212). This practice coincides with NCTM best teaching 
practice of supporting productive struggle in learning mathematics. According to NCTM (2014), 
a classroom where the teacher facilitates meaningful mathematical discourse among the students 
will help them construct a shared understanding. This social interaction between students in the 
classroom has roots in social constructivism in which Vygotsky believed was vital to the process 
of learning (Kim, 2001; Powell & Kalina, 2009).  
Meaningful assessments and activities. Effective teachers are always observing their 
students and gauging what they know; they will then use that information to design assessments 
that meet the needs of the learners in their classroom (Wiliam, 2007). The grade 8 mathematics 
students surveyed in Kaur (2009) stated that a good lesson by the teacher was one where the 
teacher provided interesting activities for them to work on, and plenty of practice for them to 
prepare for their assessments. This best teaching practice is also found in the NCTM (2014) 
teaching practices as they encourage mathematics teachers to implement tasks that promote 
reasoning and problem-solving. NCTM (1995) encouraged mathematics teachers to move away 
from assessing only students’ knowledge of specific facts and skills. They encouraged giving 
students multiple opportunities to demonstrate their growth rather than limiting students to one 
method of showing their understanding. 
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Collaboration. Another key component of effective mathematics is collaboration or 
cooperative learning and its impact on the development of student understanding. Collaboration 
or cooperative learning is defined by Barron and Darling-Hammond (2007) as small teams that 
“use a variety of learning activities to improve their understanding of a subject” (Definition 
section, para. 4). Leikin and Zaslavsky (1997) provided evidence supporting students who 
participate in cooperative groups. Students in the collaborative groups were active in the 
experimental activity and displayed increased positive attitudes as a result of having the 
opportunity to explain or receive an explanation from other classmates (p. 349). Effective 
mathematics teachers know when to balance group work time, individual work time, and whole 
class discussions (Anthony & Walshaw, 2009; Kaur, 2009). Kaur (2009) surveyed grade 8 
mathematics students concerning the components of a good mathematics lesson; they replied that 
it was when the teacher used student work and group presentation time as an opportunity to give 
feedback to either the individual or to the whole class. The use of collaboration or cooperative 
learning in the classroom is a powerful tool that numerous meta-analyses have shown to be 
effective tools that provide learning benefits to students (Cohen, 1994; Johnson & Johnson, 
1981; Quin, Johnson, & Johnson, 1995). The power of collaboration was evident in the Quin, 
Johnson, and Johnson (1995) study when cooperative groups outperformed individuals on four 
types of problems: linguistic, nonlinguistic, well-defined, and ill-defined. Additionally, Hunter 
(2008) identified that when effective teachers use small groups, they were clear about the 
expectations and roles of the participants, and they ensured that these expectations and roles 
were understood and implemented.  
While EL does not explicitly state that collaboration is vital to the learning process, the 
foundation of ELS (Kolb, 1984) does draw from the influence of William James and Paulo 
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Freire, who stress the importance of reflection, action, and “naming one’s own experience in 
dialogue with others” (Kolb & Kolb, 2012a, p. 1217). Therefore, as students are provided an 
experience, they need to be reflecting and discussing with those around them. This individual 
analysis and interpersonal dialogue are an essential part of collaboration in learning, and 
according to Kolb and Kolb (2012a) a necessary part of the process.  
Furthermore, collaboration in the mathematics classroom is also a key strategy 
recommended by NCTM (2014). They encourage mathematics teacher to facilitate mathematical 
discourse between students so that they can construct a collective understanding of the concept. 
This is accomplished in the classroom as students analyze and compare their approach and 
strategy with the approaches and strategies of other students.   
 
Traditional Mathematics Instruction 
For years, mathematics in middle and secondary schools has been taught through 
traditional teaching methods (Furtak, Seidel, Iverson, & Briggs, 2012). According to Reyes 
(2012), students who are taught using traditional teaching methods focus on rote memorization 
of facts and are not provided an opportunity to experience concepts in mathematics. Traditional 
mathematics instruction tends to focus on processes and rules, with little to no focus placed on 
understanding concepts, which are inherent in the relationships that exist in mathematics (Boaler, 
2000; Chapko & Buchko, 2004; O’Callaghan, 1998; & Walthall, 2016). Post-secondary 
institutions such as Notre Dame, the Worcester Polytechnic Institute, and the University of 
Illinois have realized this problem and have adjusted their approach by allowing students to 
apply what they have learned through inquiry-based experiments or design projects (Drew, 
2011). According to Halmos, Moise, and Piranian (1975) “the best way to learn is to do; the 
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worst way to teach is to talk” (p. 466.) These authors advocate for teachers to forego lectures and 
notetaking and encourage action instead, “don’t preach facts—stimulate acts” (p. 470). In their 
research, Boaler (2000), Miller, Mercer, and Dillon (1992), and Reyes (2012) found that students 
prioritized memory over thought in their mathematics classes. Boaler (2000) goes on to say that 
many of the teachers were aware that investigations, applied problems, and group work are 
valuable experiences for the students, but that these practices are a luxury that students may 
experience if there is time left after traditional mathematics instruction has occurred. In her 
interview of 952 ninth grade students, Boaler (2000) posed the following question “do you ever 
work hard on something just because you are interested in it?” The reply of one student was, 
“yeah, but not in maths” (p. 386). Students in the survey often referred to themselves as robots 
who perform meaningless work. Of the students interviewed, 71 percent were adamant that they 
could not see any connection between what they were doing in the mathematics classroom, to 
real life.  
The research from Boaler (2000), Miller, Mercer, and Dillon (1992), and Reyes (2012) 
sheds some light on the thought process and attitudes that students have in their traditional 
mathematics classes. The problems associated with only using this type of instructional strategy 
extends beyond ninth-grade and affects both highly-motivated and non-motivated mathematics 
students. Drew (2011) interviewed a student who was changing majors from Engineering, to 
Psychology and English, despite having scored an 800 on the mathematics portion of the SAT 
and 700s in reading and writing. When questioned about the change, one student stated, “I was 
trying to memorize equations, and engineering’s all about the application.” He also stated that 
they were told to “do these practice problems, then you’re on your own.” He also felt that 
changing his major allowed him more discussion in his classes and less rote memorization. The 
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attitude and reaction from this student highlight the continued need for mathematics teaching 
practices to move away from traditional instructional practices. 
This chapter has discussed the components of EL, inquiry learning, and best mathematics 
teaching practices within the classroom. Classrooms are complex environments with many 
factors influencing the learning that occurs within. However, when considering the best practices 
from the perspectives of teacher and students, the components mentioned above are evident in 
research as practices occurring within effective classrooms. If our goal is to "promote analysis, 
thinking, and problem-solving" (Wilson et al., 2005, p. 85) then the classroom teacher is the 
person who directly influences those results. Superintendents, curriculum directors, and 
principals need to work together to provide resources to enable teachers to be more effective in 
their classrooms. 
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Chapter 3: Methodology 
Purpose of the Study 
 
This study explores the impact of experiential learning (EL) on students’ conceptual 
understanding of linear and exponential functions. For the purpose of this study, experiential 
learning in mathematics is described as a cycle (see figure 1) where knowledge is developed by 
guiding students through concrete experiences (CE), reflective observations (RO), abstract 
conceptualizations (AC), and active experimentation (AE) (Kolb & Kolb, 2012b). The 
development student conceptual understanding of linear and exponential functions when taught 
using EL was compared to the development of student conceptual understanding using TMI as 
described by Boaler (2000), Chapko and Buchko (2004), and O’Callaghan (1998). These 
researchers describe traditional mathematics instruction in algebra as consisting of teacher 
lecture, rote memorization, review of processes, and procedural practice with additional 
problems. 
Research Questions 
 
 This study seeks to investigate the following research questions: 
1. Is there a significant difference in students’ conceptual understanding when 
taught algebra through experiential learning versus traditional mathematics 
instruction as measured by overall scores on assessments of exponential and 
linear algebra? 
2. Is there a significant difference in students’ conceptual understanding when 
taught algebra through experiential learning versus traditional mathematics 
instruction as measured by: 
a. Their accuracy in modeling real-world phenomena with functions. 
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b. Their accuracy in interpreting equations, tables, and graphs. 
c. Their accuracy in translating among the different representations of 
functions. 
The dependent variables for this study include conceptual understanding, modeling, 
interpreting, and translating. Conceptual understanding, as was measured in this study, is the 
accuracy of students to transition through multiple representations of functions by modeling, 
interpreting, and translating (Arcavi, 2003; Davis, 2005; Lesh, Hester, & Hjalmarson, 2003; 
O’Callaghan, 1998; Pape & Tchoshanov, 2001). Modeling is the transition from a problem 
situation to a mathematical situation. Interpreting is providing characteristics of linear and 
exponential functions within the context of the representation given. And lastly, translating is the 
transition from one representation type to another, such as a table to an equation. 
Setting 
 
The study was conducted at a mid-size rural high school in northwest Georgia. As of 
2015, the demographics of the school are 7% African American, 7% Hispanic, 3% multi-racial, 
and 83% white. Furthermore, 53% of the school population is on free/reduced lunch, 17% of the 
population is considered a student with a disability, and 1% of the population is classified 
English language learner. The classroom teacher, who is also the researcher, has been teaching 
secondary mathematics for nine years, and particularly algebra 1 for eight of the nine years. Each 
year I receive a new group of students, and each year they appear to have weaknesses that 
prevent them from being successful in my classes. Over the past nine years, the instruction in my 
classroom has primarily been traditional. Like many teachers, there is always pressure to “cover” 
all of the content standards before the standardized test. This pressure led to forsaking the focus 
on conceptual understanding and more of a focus on procedural knowledge. Students enjoyed my 
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class, but they did not always enjoy the subject. One summer I was volunteering for a program 
that identifies eighth-grade students who are at risk of dropping out and doing some summer 
camps with them. During one of the days we went and participated in some outdoor learning 
activities. The project was simple, assemble some rockets made with two-liter bottles fill them 
with a little water and a ton of air and launch them. After the activity, we talked with the students 
about some of the math that could develop from this activity and the students were genuinely 
interested. This sparked an interest in me to learn more about teaching through experiences and 
to examine the impact of this on student learning. Prior to this study, the lessons that I have 
designed have not been implemented.   
The participants were 80 high school freshman students who were enrolled in ninth grade 
algebra classes and were selected using convenience sampling. Prior to the pretest phase of the 
study, parental consent and student assent forms were sent home with each student. The concepts 
(linear and exponential) required were common and customary topics taught in algebra classes in 
Georgia. Therefore, all students in the classes participated in the learning activities for both 
phases.  However, only data from the students who assented and whose parents consented were 
used in this study. The groups were defined to be statistically similar by examining their Algebra 
I SMI test scores (t = 1.300, df = 79, p = 0.197). 
Social Constructivism 
 Lev Vygotsky founded the philosophical method of teaching known as social 
constructivism. Vygotsky believed that social interaction was vital to the learning process. In this 
method of teaching, culture, social interactions, language, diverse experiences, and an 
understanding of each other and our societal differences are all important and help individuals to 
create or construct knowledge together as they collaborate with each other and their environment 
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(Kim, 2001; Powell & Kalina, 2009). One of the foundational principles for social constructivist 
theory is the need for personal meaning from the student. If personal meaning is going to be 
achieved, then the concept or idea needs to be constructed from personal experience (Powell & 
Kalina, 2009). For this method of teaching to be effective, one component of best mathematics 
teaching practices that needs to be prevalent in the classroom is caring communities. NCTM 
(2014) references the caring community teaching practice with their fourth teaching strategy, 
facilitate meaningful mathematics discourse. Teaching that effectively facilitates meaningful 
discourse among the students in the classroom will help them build or construct a shared 
understanding of the mathematical concepts being taught. This process seeks to bring students 
together and purposefully design a task that will allow students to socially interact with one 
another and respect each other’s societal, biological, and identity differences as they are learning 
the concepts (Kim, 2001; NCTM, 2014; Powell & Kalina, 2009). 
 This theory helped shape the design of this study. The first and second cycle (CE &RO) 
of this study were designed to provide students the opportunity to build meaning from their 
personal experience. Furthermore, classroom discussions facilitated by the teacher allowed for 
meaningful discourse that also helped to build a shared understanding of the concept being 
taught.  
Study Design 
This study implemented a quasi-experimental 2x2 repeated measures design (figure 2). 
The treatments in this study were EL in algebra as defined by Kolb (1984), and traditional 
mathematics instruction (TMI) in algebra as defined by Boaler (2000), Chapko and Buchko 
(2004), and O’Callaghan (1998). The study consisted of three phases.  During the Pretest Phase, 
all students were given the conceptual understanding pretest instrument (Appendix A) containing 
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both linear and exponential items. Next, during Phase I, participants in group A were designated 
as experimental group and received the EL treatment, while participants in group B were the 
control group and received the TMI treatment. The content standards which guided instruction in 
both the EL and the TMI treatment during Phase I was identical and addressed linear functions. 
For the complete list of standards covered during Phase I and Phase II see Appendix B. After 
Phase I, a linear post-assessment was administered. This assessment used the linear questions 
from the pre-assessment given prior to Phase I. Finally, for Phase II the classes reversed roles, 
with participants in group A becoming the control group and receiving the TMI treatment, and 
participants in group B becoming the experimental group and receiving the EL treatment. The 
content standards which guided instruction in both the EL and the TMI treatment during Phase II 
was identical and addressed exponential functions. At the conclusion of Phase II, an exponential 
post-assessment was administered. This assessment used the exponential questions from the pre-
assessment given prior to Phase I. Each phase of the study lasted five days. 
Experiential Learning Treatment. The procedures followed during the treatment are 
based on Experiential Learning Theory and the Experiential Learning Cycle as specified and 
designed by Kolb (1984). The treatment consisted of a four-stage cycle (figure 1) beginning with 
concrete experience (CE), reflective observation (RO), abstract conceptualization (AC), and 
active experimentation (AE). During the treatment phase of the study, students were provided a 
concrete experience through lab experiments (CE). During the lab experiment, students worked 
with a partner to answer questions about the observed phenomena (RO). Partner groups then 
discussed their observations with the teacher and the class through whole group discussion (AC). 
Finally, students analyzed other students’ experiments using the knowledge they had gained 
from their own experience (AE). During the last phase of the cycle, AE, students used the 
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functions they created and applied them to new situations. Once this was completed students 
then analyzed other students’ experiments using the knowledge they gained from their first trip 
through the cycle. Viewing the work of another group was the start of a new experience (CE). 
Students then reflected on their own experience as they were analyzing the work of others. This 
process moved them through the cycle for a second time (Healey & Jenkins, 2000).    
 
Figure 2. Quasi-experimental 2x2 repeated measures design. Adapted from Frost (2015). 
Concrete experience. This phase of the cycle introduced students to a concept by 
personally involving them in an experience. This portion of the cycle included the students doing 
or being involved in a personal experience; this does not require the experience to be hands-on 
(Healey & Jenkins, 2000). During this study, data collecting lab experiments were used to 
provide students with a personal concrete experience. Within the linear activity Bungee Bob’s, 
students used weighted objects and rubber bands to simulate a bungee jumping experience. In the 
exponential activity Thermal Throwdown, students used temperature probes and different cups 
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filled with warm water to determine which cups were better at keeping the contained liquid 
warm.  
Reflective observation. This phase of the cycle encouraged students to focus on the 
meanings that underlie the concrete experience from the previous phase. During this time 
students focused on understanding what they had observed. To implement this portion of the 
cycle, this study used handouts to accompany the lab experiments. The handouts asked students 
focused questions that helped them reflect on specific observations during their lab experiment. 
Figures 3 and 4 provide an example of a focused question from the linear and exponential 
lessons. 
 
Figure 3. Reflective question from linear task Bungee Bob’s. 
 
 
Figure 4. Reflective question from exponential task Thermal Throwdown. 
 
Abstract conceptualization. Closely following the reflective phase is the abstract 
conceptualization phase. This portion of the EL cycle was a time when students began to develop 
EFFECT OF EL ON CONCEPTUAL UNDERSTANDING IN ALGEBRA 1 
 29 
theories that supported what they have observed. This phase of the cycle started in this study 
when the teacher called on student groups to present their observations from the previous phase. 
As students presented, the teacher used that time to clarify any misconceptions that may have 
surfaced. One of the core principles of social constructivism is the importance of individuals to 
create or construct knowledge together as they collaborate with each other and their environment 
(Kim, 2001; Powell & Kalina, 2009). During the abstract conceptualization phase, students 
collaborated and discussed with their partners about their observation during the experiment. 
Additionally, the students also discussed with the teacher in a whole group discussion 
concerning their observations. Additionally, NCTM (2014) recommends that teachers “facilitate 
meaningful mathematical discourse” (p. 10) to build a “shared understanding of mathematical 
ideas by analyzing and comparing student approaches and arguments” (p. 10). This constructivist 
strategy from NCTM was used by the teacher to build understanding and help students move on 
to the next phase. As students moved through RO, they were developing ideas and theories 
concerning what they had experienced or observed. The presentations and discourse that 
occurred at the end of each lesson were to solidify or correct any conceptions or misconceptions 
that had happened. 
Active experimentation. This phase of the cycle prompted students to apply their newly 
developed ideas and theories to new problems or experiences. In this study, students applied their 
newly developed concepts and theories to data collected by other groups during the concrete 
experience phase. Active experimentation occurred in the linear task as students applied what 
they had learned to develop a model that allowed a successful bungee jump off the atrium 
balcony. In the exponential task, active experimentation occurred when students determined 
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whose cup was the best by using what they had learned about their coffee mug and then 
critiquing the work of other peer groups.   
Traditional mathematics instruction. The TMI treatment procedures and processes 
were based on what Boaler (2000), Chapko and Buchko (2004), and O’Callaghan (1998) have 
described as traditional algebra classrooms which emphasize teacher lecture, rote memorization, 
review of processes, and procedural practice with additional problems.  Participants received 
direct instruction from the teacher at which time students took notes during lecture, reviewed the 
process presented to them, and in turn used these processes to practice additional problems. 
Instruments and Measures 
  
Since this study was a quasi-experimental 2X2 (2 groups X 2 treatments) repeated 
measures design, two posttests were administered to all participants in addition to the pretest. 
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Group Pretest Phase I 
Treatment 
Posttest Phase II 
Treatment 
Posttest 
 Conceptual 
Understanding 
(Exponential 
& Linear) 
Experimental 
Experiential 
Learning 
Theory(EL) 
Bungee Bob’s 
Conceptual 
Understanding 
(Linear) 
Control 
Traditional 
(TMI) Cool 
Coffee 
Conceptual 
Understanding 
(Exponential) 
A  
(2 
classes) 
Modeling 
Exp. 
Interpreting. 
Exp.  
Translating. 
Exp.  
Total Exp.  
Modeling Lin. 
Interpreting. 
Lin.  
Translating. 
Lin.  
Total Lin. 
Modeling 
Exp. 
Interpreting. 
Exp.  
Translating. 
Exp.  
Total Exp. 
 Modeling Lin. 
Interpreting. 
Lin.  
Translating. 
Lin.  
Total Lin.  
  
      
B 
(2 
classes) 
Modeling 
Exp. 
Interpreting. 
Exp.  
Translating. 
Exp.  
Total Exp.  
Control 
Traditional 
(TMI) 
Barbie Bungee 
Modeling Lin. 
Interpreting. 
Lin.  
Translating. 
Lin.  
Total Lin. 
Experimental 
Experiential 
Learning  
Theory 
(EL) 
Thermal 
Throwdown 
Modeling 
Exp. 
Interpreting. 
Exp.  
Translating. 
Exp.  
Total Exp. 
 Modeling Lin. 
Interpreting. 
Lin.  
Translating. 
Lin.  
Total Lin.  
  
Figure 5. Summary of the pretest, treatments, and related posttests. 
 
Conceptual understanding. The researcher constructed two instruments for assessing 
participants' conceptual understanding in mathematics.  One instrument assessed conceptual 
understanding of linear functions (Appendix C) and one assessed conceptual understanding of 
exponential functions (Appendix D). Since this was a quasi-experimental study without random 
assignment to treatment groups, the two instruments were used together as a pretest to establish 
that the two groups are equated.  Each instrument was then used as a post-test during the 
appropriate treatment phase (Phase I, Linear and Phase II, Exponential). Both instruments were 
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constructed from items taken from the State of Texas Assessments of Academic Readiness 
(STAAR), as well as items from O’Callaghan’s (1998) pre and post assessments. For both the 
pre and post assessments, linear and exponential questions were chosen which reflect three 
aspects of conceptual understanding (modeling, evaluating, and translating) in mathematics.  
When designing the instruments for this study, the decision to use a majority of multiple-
choice items was based on the research conducted with year one medical students and the use of 
distractors by Ali, Carr, and Ruit (2016). In their article, Ali et al. (2016) showed that multiple-
choice distractors enhanced the validity and reliability of scores obtained from multiple choice 
instruments. Herman-Abell and DeBoer (2014), through the use of multiple-choice instruments, 
assessed student’s conceptual understanding of the fundamental ideas of energy. They found that 
using “distractor-driven assessment items” (p. 21) provided insight into student understanding 
and misconceptions.  
Although these studies were not conducted in mathematics classrooms, they do however 
show that the use of multiple-choice instruments can assess student conceptual understanding. 
There is considerable research supporting the claim of multiple-choice items can measure the 
same thing as constructed response items (Walner & Thissen, 1992; Walstad & Becker, 1994; 
Bridgeman, 1991; Bennett et al., 1989; Becker & Johnston, 1999), there is also research that 
disputes these claims (Dufresne, Leonard, & Gerace, 2002; Kuechler & Simkin, 2010; 
Birenbaum & Tatsuoka, 1987). However, what much of the research does agree upon is the idea 
of including multiple sources of information to assess student knowledge and understanding 
reliably. It is for this reason that multiple-choice items and constructed response items were 
included in the instrument measuring student conceptual understanding. 
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 According to the Texas Education Agency (TEA) (2015) each multiple-choice item was 
vetted by their panel with the following criteria for distractors: 
 
Figure 6. Criteria for distractors on Texas STAAR assessment. Adapted from Texas Education 
Agency (2015). 
Participants’ conceptual understanding was assessed three times.  Once as a pretest that 
measured participants’ accuracy on an assessment of exponential and linear functions, once as a 
posttest for linear functions after treatment phase I and once as a posttest for exponential 
functions after treatment phase II. Each assessment was designed to examine participants’ 
accuracy in modeling, interpreting, and translating functions.  
Pretest: Conceptual understanding exponentials and linear functions. Prior to Phase 
I, all participants completed a 26-item pretest measuring participants’ conceptual understanding 
on both linear and exponential functions. Student were given 50 minutes to complete the pretest. 
Graphing calculators were allowed. In order to ensure that students try their best, the conceptual 
understanding pretest was graded for accuracy so that pre and post test scores could be 
compared. Since this material may have been new for some students, a participation daily grade 
was recorded for all students. The items on the pretest were identical to the items on the posttests 
which was administered at the end of Phase I (Linear) and Phase II (Exponential). To address 
priming effects of using a pretest, the pretest was administered three weeks prior to the beginning 
of Phase I. The questions selected for this instrument from the STAAR and O’Callaghan (1998) 
assessments, were chosen because of their correlation to the constructs being measured 
(modeling, interpreting, and translating). For example, modeling is defined in this study as 
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transitioning from a problem situation to a mathematical situation. Examples would include the 
fluency of students to transition from a linear or exponential word problems to tables, equations, 
and graphs (O’Callaghan, 1998). Figure 7 is a multiple choice question from the conceptual 
understanding pretest that measures students’ conceptual understanding of modeling functions. 
Modeling was defined in this study as transitioning from a problem situation to a mathematical 
situation. This question assesses modeling of exponential functions by giving students the 
problem situation concerning the amount of fertilizer a company has after w weeks and asking 
them to choose the appropriate symbolic rule(equation), which is a mathematical situation.  
 
Figure 7. Question two from exponential assessment. Selected from Texas Education Agency 
STAAR 2017.   
The constructed response items included in the instruments were chosen from the 
conceptual understanding instrument designed by O’Callaghan (1998). Figure 8 is a constructed 
response question from the conceptual understanding pretest that measures students’ conceptual 
understanding of modeling functions. This question assesses modeling of linear functions by 
giving students the problem situation concerning the weight W of the truck as it relates to the 
number of boxes and asking students to write a symbolic rule (equation), which is a 
mathematical situation. 
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Figure 8. A linear constructed response question. Selected from O’Callaghan (1998).  
As previously noted, questions were chosen from the STAAR assessment and the 
O’Callaghan assessment. Of the twenty-six questions that were selected, twelve were identified 
by the teacher researcher as valid measures of students’ conceptual understanding of exponential 
functions, while 14 were identified as valid measures of students’ conceptual understanding of 
linear functions. Each of the items (multiple choice and constructed response) were scored as 
either correct or incorrect (score equals 0 or 1). A score of 0 would indicate no conceptual 
understanding, while a score of 26 would indicate full conceptual understanding. The following 
table (Table 1) provides a breakdown of the instruments used in the study, the research questions 
that were addressed by each instrument, which dependent variables were measured, and the score 
that could be earned per question and per assessment. 
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Table 1 
 
Conceptual Understanding Instruments and Their Relationship to the Study Research 
Questions as well as, the Number of Items on Each Instrument, the Score that can be Achieved 
Per Item, and the Total Score 
Instrument 
Dependent 
Variable 
Measured 
Research 
Question # of Items Scoring Total Score 
Pretest 
Conceptual 
Understanding 
Exponential 
(12) 
Linear (14) 
Functions 
1 26 0,1 26 
Posttest Phase 
I 
Conceptual 
Understanding 
Linear 
Functions  
2a, 2b, and 
2c 
14 0,1 14 
Posttest Phase 
II 
Conceptual 
Understanding 
Exponential 
Functions 
2a, 2b, and 
2c 
12 0,1 12 
 
Posttest Phase I: Conceptual understanding of linear functions. This instrument (Appendix 
C) consisted of three sections of linear questions each designed to measure one of the three 
dependent variables (modeling, interpreting, and translating). There were a total of 14 items, four 
that addressed modeling, six that addressed interpreting, and four that addressed translating. 
Each of the items (multiple choice and constructed response) were scored as either correct or 
incorrect (score equals 0 or 1). A potential score of 14 was possible with sub-scores of 0-4 
possible on modeling, 0-6 possible on interpreting, and 0-4 possible on translating. A score of 0 
would indicate no conceptual understanding, while a score of 14 would indicate full conceptual 
understanding. Similar to the pretest, students were given 50 minutes to complete the test and 
graphing calculators were allowed. The test was graded for accuracy and counted toward the 
students’ daily grade. These procedure were also used at the conclusion of phase II 
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Posttest Phase II: Conceptual understanding of exponential functions. This 
instrument (Appendix D) consisted of three sections of exponential questions each designed to 
measure one of the three dependent variables (modeling, interpreting, and translating). There 
were a total of 12 items, four that addressed modeling, five that addressed interpreting, and three 
that addressed translating. Each of the items (multiple choice and constructed response) were 
scored as either correct or incorrect (score equals 0 or 1). A potential score of 12 was possible 
with sub-scores of 0-4 possible on modeling, 0-5 possible on interpreting, and 0-3 possible on 
translating. A score of 0 would indicate no conceptual understanding, while a score of 14 would 
indicate full conceptual understanding. 
Validity and reliability of STAAR and O’Callaghan assessments. The STAAR 
assessments and O’Callaghan’s assessment were chosen because of their established reliability 
and validity. The items on the STAAR assessments are vetted using a development process 
consisting of twenty stages (Appendix E). 
The STAAR Algebra assessment consisted of five categories: number and algebraic 
methods; describing graphing linear functions, equations, and inequalities; writing and solving 
linear functions, equations, and inequalities; quadratic functions and equations; and exponential 
functions and equations. Each assessment item was reviewed by the TEA staff for appropriate 
grade level, “clarity of wording; content accuracy; plausibility of the distractors; and 
identification of any potential economic, regional, cultural, gender, or ethnic bias” (Texas 
Education Agency, 2015, p. 19). Next a committee of Texas educators “judge each item for 
appropriateness, adequacy of student preparation, and any potential bias…and recommend 
whether the item should be field-tested as written, revised, recoded to a different eligible TEKS 
student expectation, or rejected” (p. 20). The items were then organized into test forms so that 
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they could then be field tested. After the items were field tested, TEA curriculum and assessment 
specialists reviewed the data pertaining to that item to ensure that each item was content 
appropriate, level of difficulty, remove any potential bias, and provide recommendation for 
either accepting or rejecting each test item (Texas Education Agency, 2015). 
Validity. This study consists of six constructed response items that were selected from 
O’Callaghan’s conceptual understanding instrument. Establishing the validity of these items for 
use in this study was accomplished by the researcher with the assistance of two individuals who 
are mathematics content experts. The first expert earned his Ed.D in secondary mathematics 
from a research university and has been teaching mathematics at the secondary level for 12 years 
and at college for six years. The second expert has earned his Ph.D in mathematics from a 
research university and has been teaching mathematics at the secondary level for the past 15 
years, and at college for the past 11 years. These two individuals assisted the researcher in 
establishing validity of the constructed instruments.    
To begin the process of establishing validity the researcher first read through the Texas 
STAAR and O’Callaghan assessments and selected all the questions that pertained to either 
linear or exponential functions (n = 30). A copy of the questions was then given to each of the 
content experts. Once the group of questions had been assembled, the researcher gave a copy to 
two other content expert raters and they evaluated each question to determine if the question 
addressed conceptual understanding (modeling, interpreting, or translating). The first rater 
classified all the problems as measuring one of the three dependent variables, either modeling, 
interpreting, or translating. The second and third rater agreed with the first rater on 22 out of 30 
questions (73%). The interrater agreement was calculated using the formula: agreements divided 
by the number of agreements plus disagreements multiplied by 100. Swanson and Hoskyn (1998) 
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suggest that agreements below 80% call for the raters to redefine or be retrained. Since 73% falls 
below 80% the three raters reexamined the eight questions upon which agreement had not been 
reached. Per suggestion from the raters, three problems were struck from the assessment, three 
problems were reclassified as one of the other dependent variables, and two problems were 
reconstructed with different distractors. After reexamination of the 26 questions, the three raters 
reached 100% agreement, again agreement was calculated using the formula: agreements divided 
by the number of agreements plus disagreements multiplied by 100. 
Of the 26 questions, six were constructed response questions.  These questions required 
additional validation of acceptable, accurate responses. Therefore, the content experts generated 
a list of acceptable responses that would show conceptual understanding for each of the six 
questions. Each content expert was given the six constructed response questions and asked to 
generate a list of responses that would show conceptual understanding. A rubric was developed 
with acceptable responses receiving a score of 1, while unacceptable responses received a score 
of 0, for more details and to view the rubric see Appendix F.  An example of a question and 
acceptable responses is shown in Figure 9. 
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Figure 9. Linear assessment item and rubric. 
Procedure 
 Pretreatment phase. At the beginning of the pretreatment phase, consent and assent 
forms were sent home with students. All students participated in the lesson, but data was only 
collected on students who had given assent and whose parents had consented. While consenting 
to data collection was voluntary, all students engaged in lessons from which participant data was 
collected, as the content was relevant to their current studies. This study investigated standards in 
algebra 1 that target the characteristics of functions, specifically linear and exponential. The goal 
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of the unit was to guide students toward a conceptual understanding of the characteristics of 
linear and exponential functions, and to interpret them within real-world contexts. To address 
priming effects of using a pretest, the pretest was given three weeks prior to the start of the first 
treatment phase. Counter-balancing was also used on the conceptual understanding pretest. This 
was done to ensure that data was collected on all dependent variables should the participants 
become fatigued by the end of the assessment. Following the pretreatment phase was phase I and 
phase II. While phase I explored linear functions, phase II explored exponential functions. After 
three weeks, Phase I and Phase II began, see figure 2.  
Phase I. This phase began by investigating characteristics of linear functions. Prior to the 
start of phase I, students in algebra were exposed in their mathematics class to linear functions of 
the form 𝑓(𝑥) = 𝑚𝑥 + 𝑏, therefore the lessons did not begin with developing understanding of 
the formula, but rather the lesson focused on a conceptual understanding of the characteristics of 
linear functions. 
Phase I lasted for a total of 5 days. The duration of each class was 50 minutes. Class each 
day began with a warm-up or opening question and ended with a discussion from that day’s 
lesson. The objective of each lesson was to move participants along the EL cycle (figure 1). A 
breakdown of the lessons from the experimental session and how each lesson related to Kolb’s 
cycle is given in Table 3.  
Phase I sought to answer the same research questions as phase II, the difference lies in 
the concept. The design of the lesson was purposely aligned to phase II so that students who 
were in the control group in phase I, would receive the same kind of experience as the 
experimental group in phase II, the difference was in the experiment. Phase II experimental 
group collected data from their coffee cups, while the experimental group for phase I collected 
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data by using small weights provided by the teacher to bungee jump. For more details concerning 
the lessons for phase I and the pacing guide, please refer to appendix G.  The lessons in phase I 
followed Kolb’s cycle, just using a task that was designed to highlight a linear relationship and 
not an exponential one. 
Table 2  
  
Phase I Linear Functions – EL vs TMI 
Experiential Learning Traditional Mathematics Instruction 
Day 1– CE and RO 
•  Warm-up – If you were to bungee jump 
from a tall structure, how would you go 
about determining the length of rope you 
would need? 
• Student begin lab experiment 
collecting data for Bob’s Bungee 
• Students close by sharing observations 
from lab experiment. 
Day 1  
• Warm up – If you were to bungee jump 
from a tall structure, how would you go 
about determining the length of rope you 
would need? 
• Students are given graph with data 
already plotted for Barbie Bungee. 
• Lecture – teacher presents characteristics 
of linear functions to students using 
example graph. 
• Students practice developing tables 
Day 2 – RO and AC 
• Students open by developing table for 
their personal data about Bob’s Bungee. 
• Questions and observations are centered 
around their personal data collected. 
• Students close the lesson by sharing 
their observations with class. Teacher 
uses this time to solidify understanding 
or clarify misconceptions. 
Day 2 
• Students open by developing table for the 
given data for Barbie Bungee. 
• Questions and observations are centered 
around the given data 
Day 3 –  AC and AE 
• Students develop a presentation about the 
development of their model they created 
to help Bob’s Bungee be successful 
• Students open with reflective questions 
then they will use information they have 
learned from their lab experiment to 
analyze other students graphs. 
Day 3 
• Students open with reflective questions 
about the given data. 
• Students develop model for given data 
from Barbie Bungee 
Note: CE – concrete experience; RO – reflective observation; AC – abstract conceptualization; and AE – active 
experimentation. 
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Phase II. This phase began by investigating characteristics of exponential functions. 
Prior to the start of phase II, students in algebra were exposed in their mathematics class to 
exponential functions of the form 𝑓(𝑥) = 𝑎𝑏𝑥, therefore the lessons did not begin with 
developing understanding of the formula, but rather they will focus on a conceptual 
understanding of the characteristics.  
Phase II lasted for a total of 4 days (this phase was shorter by one day since the pretest 
had been given prior to phase I). The duration of each class was 50 minutes. Class each day 
began with a warm-up or opening question and ended with a discussion from that day’s lesson. 
The objective of each lesson was to move participants along the EL cycle (figure 1). A 
breakdown of the lessons from the experimental session and how each lesson related to Kolb’s 
cycle is given in Table 3. For a more detailed description of the daily activities for phase II see 
appendix H.  
The research questions sought to answer the impact of Kolb’s experiential learning cycle 
on students’ conceptual understanding. This cycle was the driving force behind the design of 
phase II. For the experimental group, day 2 started off the concrete experience (CE) portion of 
the lesson. During phase II students used their coffee cups provided by the teacher to collect data 
on the capacity of their cup to keep some liquid hot. While the students were observing the data 
being collected they were given a handout that had them answer reflective questions about their 
observations. These questions were designed to help them think about the concepts they were 
observing. At the end of day 2 was a discussion question that students answered with their 
partner first, then the classroom teacher lead a whole group discussion. It is during this time that 
the teacher addressed any misconceptions that students may have had, or supported any 
conceptions that were observed. This first discussion moved students toward abstract 
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conceptualizations (AC). Day 3 opened with students revisiting their data from the day before 
and answering questions that caused them to reflect over the previous days experience. Questions 
on day 3 and the discussion at the end were designed to help students conceptualize the concept 
being taught. Day 4 opened with students using the tools and concepts they learned from their 
data to analyze other groups data. This portion of the lesson moved students to active 
experimentation because they were applying what they had learned in their experience to a new 
experience.   
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Table 3 
 
Phase II Exponential Functions – EL vs TMI 
Experiential Learning Traditional Mathematics Instruction 
Day 1 
•  Conceptual Understanding Pretest 
Day 1  
• Conceptual Understanding Pretest 
Day 2 – CE and RO 
• Warm-up – who makes best thermal 
cups? 
• Student begin lab experiment 
collecting data for Thermal Throwdown 
• Students close by sharing observations 
from lab experiment. 
Day 2 
• Warm up – who makes best thermal 
cups? 
• Students are given graph with data 
already plotted for Cool Coffee 
• Lecture – teacher presents 
characteristics to students using example 
graphs. 
• Students close by sharing observation 
from data given to them. 
Day 3 –  RO and AC 
• Students open by developing table for 
their personal data. 
• Questions and observations are centered 
around their personal data collected. 
• Students close the lesson by sharing their 
observations  
Day 3 
• Students open by developing table for the 
given data. 
• Questions and observations are centered 
around the given data. 
Day 4 – AE 
• Students open with reflective questions 
then they will use information they have 
learned in their lab experiment to analyze 
other students graphs 
• Students develop a presentation about 
where they feel that their cup ranks (with 
justification) in comparison to others 
cups they analyzed. 
• Critiquing the work of other groups is 
applying knowledge to new situations 
(Healey & Jenkins, 2000). 
Day 4 
• Students open with reflective questions 
about the given data and some future 
implications 
  
Note: CE – concrete experience; RO – reflective observation; AC – abstract conceptualization; and AE – active 
experimentation. 
 
Data Analysis 
The study uses quantitative questions that were designed to measure the effect of 
experiential learning on students as measured by their conceptual understanding of exponential 
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and linear functions. Since this study compared the improvement from pretest to posttest of two 
groups, control and experimental, an analysis of gain scores was used (Smolkowski, 2018) To 
report the effects of EL on student conceptual understanding, an ANOVA was conducted on the 
gain scores from students' pretest and posttest. The decision to analyze gain scores is grounded in 
literature (Allison, 1990; Kim & Steiner, 2019; Maris, 1998; Van Breukelen, 2006). 
For question 1, a between-subjects ANOVA was conducted to test for significant 
differences between the control and experimental groups mean gain scores from the pretest and 
posttest covering the overall linear and exponential constructs. The value examined was the p-
value from the univariate test table. If the p-value of the Omnibus F-test was less than .05 the 
null hypothesis was rejected. The null hypothesis for question one was there is no significant 
difference in students' conceptual understanding when taught using EL versus TMI as measured 
by their overall scores in exponential and linear algebra. 
For question 2a, a between-subjects ANOVA was conducted to test for significant 
differences between the control and experimental groups mean gain scores from the pretest and 
posttest. These scores included the modeling of real-world phenomena with linear and 
exponential functions construct. The value examined was the p-value from the univariate test 
table. If the p-value of the Omnibus F-test was less than .05 the null hypothesis was rejected. The 
null hypothesis for question 2a was EL does not significantly impact student conceptual 
understanding better than TMI as measured by their accuracy in modeling real-world phenomena 
with functions.  
For question 2b, a between-subjects ANOVA was conducted to test for significant 
differences between the control and experimental groups mean gain scores from the pretest and 
posttest. These scores included the interpreting equations, tables, and graphs of linear and 
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exponential functions construct. The value examined was the p-value from the univariate test 
table. If the p-value of the Omnibus F-test was less than .05 the null hypothesis was rejected. The 
null hypothesis for question 2b was EL does not significantly impact student conceptual 
understanding better than TMI as measured by their accuracy in interpreting equations, tables, 
and graphs.  
For question 2c, a between-subjects ANOVA was conducted to test for significant 
differences between the control and experimental groups mean gain scores from the pretest and 
posttest. These scores included translating among the different representations of linear and 
exponential functions construct. The value examined was the p-value from the univariate test 
table. If the p-value of the Omnibus F-test was less than .05 the null hypothesis was rejected. The 
null hypothesis for question 2c was EL does not significantly impact student conceptual 
understanding better than TMI as measured by their accuracy in translating among the different 
representations of functions.  
Table 4 
 
Conceptual Understanding of Linear Functions Pretest Item Relationship to Conceptual 
Understanding Construct 
Question Number Conceptual Understanding Characteristic 
1-4 Modeling 
5-10 Interpreting 
11-14 Translating 
Note: Score ranges from 0 to 14 points. 
Table 5 
  
Conceptual Understanding of Exponential Functions Pretest Item Relationship to 
Conceptual Understanding Construct 
Question Number Conceptual Understanding Characteristic 
1-4 Modeling 
5-9 Interpreting 
10-12 Translating 
Note: Score ranges from 0 to 12 points. 
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Steps Taken to Overcome Design Limitations 
 
 When conducting quasi-experimental research there is no random assignment to 
treatment groups.  To account for this, the pretest was used to measure equivalency of groups.   
When conducting a repeated measures design, there are limitations that need to be addressed 
such as carryover effects, respondent fatigue, and priming effects. Carryover effect is when the 
performance of the participant is affected by the order of the treatments. In other words, if the 
participant is repeating the same treatment they may perform better as time progresses. 
Counterbalancing is the variation in the order in which participants receive treatment and is used 
to address carryover effects (DePuy & Berger, 2005). In this study, a crossover design was used 
so that the experimental group in the first treatment phase became the control group in the 
second treatment phase. To avoid respondent fatigue, questions from the pretest and posttest will 
be alternated so that responses from all linear and exponential constructs will be represented. 
Finally, use of a pretest can have priming effects. Priming effects of using a pretest were 
addressed by administering the pretest three weeks before the first treatment phase. 
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Chapter 4 
 
 
This study sought to investigate the impact of Kolb’s Experiential Learning Theory 
versus TMI on students’ conceptual understanding of linear and exponential functions. In this 
chapter, the findings from the study will be presented and discussed to answer the three research 
questions in order. To answer research question one, quantitative data from the overall pre and 
post scores from the conceptual understanding assessment will be presented and discussed. 
Summary strategies such as tables will also be provided to help synthesize the information. The 
evidence for question two will be presented by day as it pertains to that specific research 
question being addressed. Therefore, the evidence presented will include both linear and 
exponential data. To answer research question two, quantitative data from conceptual 
understanding pre and post scores for each of the linear and exponential sub-construct items 
(modeling, interpreting, and translating) will be presented and discussed. Anecdotal evidence 
collected from student work during the linear and exponential tasks will be presented and 
discussed to provide insight into student thinking during the tasks. Summarizing strategies such 
as tables and student work will be incorporated to help synthesize the information.  
Research Question One: Differences in Students’ Conceptual Understanding 
 
 Overall linear scores. For the overall linear scores, a between-subjects ANOVA was 
conducted to test for significant differences between the control and experimental groups mean 
gain scores from the pretest and posttest covering the overall linear constructs (modeling, 
interpreting, and translating). The value examined was the p-value from the univariate test table. 
If the p-value of the Omnibus F-test was less than .05 the null hypothesis was rejected. The 
results of the test indicated that there was not a statistically significant difference in students’ 
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conceptual understanding when they are taught algebra through using EL strategies versus TMI, 
F(1,79) = .131, p = .719. The researcher, therefore, fails to reject the null hypothesis that there is 
no difference in the overall linear scores on the linear assessment between the control and 
experimental groups when they are taught algebra through EL versus TMI.   
Furthermore, when examining the raw mean percentage score for each group, both 
groups showed positive gains, with the control group gaining slightly more than the experimental 
group (control = 9.74, experimental = 8.36). This improvement in the raw mean signifies that 
students in the experimental group increased an average of 9.74 percentage points from the 
pretest to the posttest. An independent samples t-test was conducted to compare these mean 
scores to test if their difference was statistically significant. The results from the independent 
samples t-test indicated that the results were not statistically significant (p =.719). 
 Overall exponential scores. For the overall exponential scores, a between-subjects 
ANOVA was conducted to test for significant differences between the control and experimental 
groups mean gain scores from the pretest and posttest covering the overall exponential constructs 
(modeling, interpreting, and translating). The value examined was the p-value from the 
univariate test table. If the p-value of the Omnibus F-test was less than .05 the null hypothesis 
was rejected. The results of the test indicated that there was not a statistically significant 
difference in students’ conceptual understanding when they are taught algebra through using EL 
strategies versus TMI, F(1,79) = 9.55, p = .003. The effect size (𝜂2 = .11) indicated that 11% of 
the variation in the overall exponential scores is a result of the EL strategies. The researcher, 
therefore, rejects the null hypothesis that there is no difference in the overall exponential scores 
on the exponential assessment between the control and experimental groups when they are taught 
algebra through EL versus TMI.   
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Furthermore, when examining the raw mean percentage score for each group, both 
groups showed positive gains, with the experimental group gaining significantly more than the 
control group (control = 2.70, experimental = 14.92). This improvement in the raw mean 
signifies that students in the experimental group increased an average of 14.92 percentage points 
from the pretest to the posttest. An independent samples t-test was conducted to compare the 
difference in the mean overall exponential scores between the control and experimental groups to 
see if their difference was statistically significant. The results from the independent samples t-
test indicated that the results were statistically significant (p=.003) signifying that when 
measuring conceptual understanding of exponential functions, the EL group performed higher 
than the control group.  
Research Question Two: Differences in Modeling, Interpreting, and Translating Functions 
 The analysis of findings for research question two will be presented in two parts. The first 
part will be the quantitative data collected from the pre and post-test scores measuring student 
understanding. The second portion will be the anecdotal evidence collected from students work 
during the linear and exponential tasks. Summarizing strategies such as tables and student work 
will be incorporated to help synthesize the information. An overview of the results from the 
quantitative data collected from the pre and post-test scores measuring student understanding is 
provided in Table 6. 
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Table 6 
     
Overview of the Results From Quantitative Data (Linear and Exponential). 
Linear 
Quantitative 
Result 
Statistically 
Significant 
Experimental 
Group Mean 
& SD 
Control 
Group Mean 
& SD 
Overall F(1,79) = 
.131, p = 
.719 
No M=8.36, 
SD=14.49 
M=9.74, 
SD=18.99 
Modeling F(1,79) = 
.037, p = 
.848 
No M=12.16, 
SD=28.64 
M=10.80, 
SD=34.27 
Interpreting F(1,79) = 
1.97, p = 
.165 
No M=7.71, 
SD=22.77 
M=15.15, 
SD=24.59 
Translating F(1,79) = 
.587, p = 
.165 
No M=5.41, 
SD=28.34 
M=.57, 
SD=28.27 
Exponential Quantitative 
Result 
Statistically 
Significant 
Experimental 
Group Mean 
Control 
Group Mean 
Overall F(1,79) = 
9.55, p = 
.003 
Yes M=14.92, 
SD=18.66 
M=2.70, 
SD=16.56 
Modeling F(1,79) = 
5.01, p = 
.028 
Yes M=14.20, 
SD=33.84 
M= -2.03, 
SD=30.83 
Interpreting F(1,79) = 
1.91, p = 
.171 
No M=21.36, 
SD=32.39 
M= 12.43, 
SD=24.20 
Translating F(1,79) = 
3.05, p = 
.085 
No M=5.20, 
SD=30.44 
M= -7.21, 
SD=33.46 
     
 Quantitative evidence (linear modeling). For linear modeling question 2a, a between-
subjects ANOVA was conducted to test for significant differences between the control and 
experimental groups linear mean gain scores from the pretest and posttest. These scores included 
the modeling of real-world phenomena with linear functions construct. The value examined was 
the p-value from the univariate test table. The results of the test indicated that there was not a 
statistically significant difference in students’ conceptual understanding when they are taught 
algebra through EL versus TMI as measured by their accuracy in modeling real-world 
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phenomena with linear functions, F(1,79) = .037, p = .848. The researcher, therefore, fails to 
reject the null hypothesis that there is no difference between students taught through EL versus 
TMI in their accuracy to model real-world phenomena with linear functions.   
Furthermore, when examining the raw mean percentage score for the linear modeling 
construct, both groups showed positive gains, with the experimental group gaining slightly more 
than the control group (control = 10.80, experimental = 12.16). This improvement in the raw 
mean signifies that students in the experimental group increased an average of 12.16 percentage 
points from the pretest to the posttest. An independent samples t-test was conducted to compare 
these raw mean scores to test if their difference was statistically significant. The results from the 
independent samples t-test indicated that the results were not statistically significant (p=.848). 
Quantitative evidence (exponential modeling). For exponential modeling question 2a, a 
between-subjects ANOVA was conducted to test for significant differences between the control 
and experimental groups exponential mean gain scores from the pretest and posttest. These 
scores included the modeling of real-world phenomena with exponential functions construct. The 
value examined was the p-value from the univariate test table. The results of the test indicated 
that there was a statistically significant difference in students’ conceptual understanding when 
they are taught algebra through EL versus TMI as measured by their accuracy in modeling real-
world phenomena with exponential functions, F(1,79) = 5.012, p = .028. The researcher, 
therefore, rejects the null hypothesis that there is no difference between students taught through 
EL versus TMI in their accuracy to model real-world phenomena with exponential functions. 
The effect size (𝜂2 = .06) indicated that 6% of the variation in the scores is a result of the EL. 
Furthermore, when examining the raw mean percentage scores for the exponential 
modeling construct, the experimental group gained significantly more than the control group 
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(control = -2.03, experimental = 14.20). This improvement in the raw mean signifies that 
students in the experimental group increased an average of 14.20 percentage points from the 
pretest to the posttest. An independent samples t-test was conducted to compare the difference in 
the mean exponential modeling scores between the two groups to see if their difference was 
statistically significant. The results from the independent samples t-test indicated that the results 
were statistically significant (p=.028), signifying that when measuring conceptual understanding 
by modeling exponential functions, the EL group performed higher than the control group.  
Quantitative evidence (linear interpreting). For linear interpreting question 2a, a 
between-subjects ANOVA was conducted to test for significant differences between the control 
and experimental groups exponential mean gain scores from the pretest and posttest. These 
scores included the interpreting equations, tables, and graphs of linear functions construct. The 
value examined was the p-value from the univariate test table. The results of the test indicated 
that there was not a statistically significant difference in students’ conceptual understanding 
when they are taught algebra through EL versus TMI as measured by their accuracy in 
interpreting equations tables and graphs of linear functions, F(1,79) = 1.967, p = .165. The 
researcher, therefore, fails to reject the null hypothesis that there is no difference between 
students taught through EL versus TMI in their accuracy in interpreting equations, tables, and 
graphs of linear functions.  
Furthermore, when examining the raw mean scores for the linear interpreting construct, 
both groups showed gains, but the control group increased their raw mean more than the 
experimental group (control = 15.15, experimental = 7.71). This improvement in the raw mean 
signifies that students in the experimental group increased an average of 7.71 points from the 
pretest to the posttest. An independent samples t-test was conducted to compare the raw mean 
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scores to test if their difference was statistically significant. The results from the independent 
samples t-test indicated that the results were not statistically significant (p=.165). 
Quantitative evidence (exponential interpreting). For exponential interpreting question 
2a, a between-subjects ANOVA was conducted to test for significant differences between the 
control and experimental groups exponential mean gain scores from the pretest and posttest. 
These scores included the interpreting equations, tables, and graphs of exponential functions 
construct. The value examined was the p-value from the univariate test table. The results of the 
test indicated that there was not a statistically significant difference in students’ conceptual 
understanding when they are taught algebra through EL versus TMI as measured by their 
accuracy in interpreting equations tables and graphs of exponential functions, F(1,79) = 1.913, p 
= .171. The researcher, therefore, fails to reject the null hypothesis that there is no difference 
between students taught through EL versus TMI in their accuracy in interpreting equations, 
tables, and graphs of exponential functions.  
Furthermore, when examining the raw mean scores for the exponential interpreting 
construct, both groups showed gains, but the experimental group increased their raw mean more 
than the control group (control = 12.43, experimental = 21.36). This improvement in the raw 
mean signifies that students in the experimental group increased an average of 21.36 points from 
the pretest to the posttest. An independent samples t-test was conducted to compare the raw 
mean scores to test if their difference was statistically significant. The results from the 
independent samples t-test indicated that the results were not statistically significant (p=.171). 
Quantitative evidence (linear translating). For linear translating question 2a, a 
between-subjects ANOVA was conducted to test for significant differences between the control 
and experimental groups exponential mean gain scores from the pretest and posttest. These 
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scores included translating among the different representations of linear functions construct. The 
value examined was the p-value from the univariate test table. The results of the test indicated 
that there was not a statistically significant difference in students’ conceptual understanding 
when they are taught algebra through EL versus TMI as measured by their accuracy in 
translating among the different representations of linear functions, F(1,79) = .587, p = .165. The 
researcher, therefore, fails to reject the null hypothesis that there is no difference between 
students taught through EL versus TMI in their accuracy in translating among the different 
representations of linear functions.  
Furthermore, when examining the raw mean scores for the linear translating construct, 
both groups showed gains, but the experimental group increased their raw mean more than the 
control group (control = .57, experimental = 5.41). This improvement in the raw mean signifies 
that students in the experimental group increased an average of 5.41 points from the pretest to 
the posttest. An independent samples t-test was conducted to compare the raw mean scores to 
test if their difference was statistically significant. The results from the independent samples t-
test indicated that the results were not statistically significant (p=.165).  
Quantitative evidence (exponential translating). For exponential translating question 
2a, a between-subjects ANOVA was conducted to test for significant differences between the 
control and experimental groups exponential mean gain scores from the pretest and posttest. 
These scores included the translating among the different representations of exponential 
functions construct. The value examined was the p-value from the univariate test table. The 
results of the test indicated that there was not a statistically significant difference in students’ 
conceptual understanding when they are taught algebra through EL versus TMI as measured by 
their accuracy in translating among the different representations of exponential functions, 
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F(1,79) = 3.049, p = .085. The researcher, therefore, fails to reject the null hypothesis that there 
is no difference between students taught through EL versus TMI in their accuracy in translating 
among the different representations of exponential functions.  
Furthermore, when examining the raw mean scores for the exponential translating 
construct, the experimental group gained significantly more than the control group (control = -
7.21, experimental = 5.20). The negative mean score exhibited by the control group indicates on 
average students gain scores went down by 7.21 percentage points. This improvement in the raw 
mean signifies that students in the experimental group increased an average of 9.74 percentage 
points from the pretest to the posttest. An independent samples t-test was conducted to compare 
the raw mean scores to test if their difference was statistically significant. The results from the 
independent samples t-test indicated that the results were not statistically significant (p=.085).  
Anecdotal Evidence: Student Work Samples 
 The previous section presented and discussed the quantitative results for each of the 
research questions. In the following section, anecdotal evidence from student work samples will 
be discussed as they relate to each of the research questions. The student work samples were 
collected through teacher observations during phase I and phase II. The purpose of presenting the 
anecdotal evidence is to provide a glimpse into student thought processes as they interacted with 
the concept being taught. An overview of the anecdotal evidence collected from student work is 
summarized in Table 7. 
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Table 7 
   
Overview of the Results From Student Work Collected Each Day 
Linear Experimental Control 
Day 1 95% of students correctly 
identified graph as a line 
without direct instruction or 
prompting from teacher.  
55% of students correctly 
identified graph as a line after 
direct instruction from 
classroom teacher.  
Day 2 70% of students demonstrated 
conceptual understanding 
through modeling and 
translating. 
45% of students demonstrated 
conceptual understanding 
through modeling and 
translating. 
Day 3 68% of students demonstrated 
conceptual understanding by 
modeling a new situation. 
46% of students demonstrated 
conceptual understanding by 
modeling a new situation. 
Exponential Experimental Control 
Day 1 66% of students accurately 
interpreted y-intercept within 
context.  
51% of students accurately 
interpreted y-intercept within 
context.  
Day 2 77% of students accurately 
modeled their scenario with 
an equation.  
68% of students accurately 
modeled their scenario with 
an equation.  
Day 3 82% of students demonstrated 
understanding of asymptotes 
in exponential functions by 
interpreting them within 
context. 
59% of students demonstrated 
understanding of asymptotes 
in exponential functions by 
interpreting them within 
context. 
 
 
Anecdotal Evidence (student work linear modeling). The experience provided to the 
experimental group encouraged those students to apply concepts from algebra that were beyond 
what the control group students. Students in the experimental group began the “Bob’s Bungee” 
linear task which focused on the development of their conceptual understanding (modeling and 
interpreting) of linear functions, particularly the rate-of-change, and y-intercept. The student 
work in Figure 10 is a sample of exemplary student work that demonstrates modeling of 
functions for two reasons: (1) the student used the origin (0,0) as their starting point, even though 
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they were not explicitly told where to start their table, and (2) they included the rate-of-change in 
their model, demonstrating different level of modeling than that of students in the control group. 
 
Figure 10. Day 1: Table From Bungee Bob’s Task (Experimental Group).  
After completing the table, students were instructed to determine if a linear or exponential 
function would best represent the table and graph. Of the 95% responding that the relationship 
was linear, 68% of those students used the rate-of-change to make that distinction. This is 
significant since the rate-of-change was not explicitly taught to students prior to the start of the 
task, and only 5% of the control group used this characteristic as the determining factor (Table 
8).   
Table 8 
   
Percentage of Students (Experimental vs Control) That Accurately Determined the Shape of 
the Graph was Linear. 
 Experimental (n = 37) Control (n = 44) 
Linear – ROC based 68% 5% 
Linear – Shape based 27% 50% 
Exponential 5% 4% 
Did Not Respond 0% 41% 
Note: ROC = rate-of-change  
 
Student work demonstrating the use of the rate-of-change to determine the linearity of the graph 
can be seen in Figure 11. As you can see, the pair of students who created the figure on the left 
declared that the shape of their graph was linear and also gave their reasoning by providing the 
slope of 4.25. The students on the right declared that this relationship was also linear, providing 
their rate-of-change and also declaring that this line will continue to increase at the same rate. 
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Figure 11. Bungee Bob’s Task: Student work sample.  
 
 On the last day of the linear task, students in the experimental group focused on 
demonstrating their conceptual understanding by applying what they had learned to solve a new 
problem. Students were to interpret the height of the balcony within the context of the problem. 
Within the experimental students, 68% of them were able to accurately (correct rate-of-change 
and y-intercept) model the new problem with their function from day two (Table 9).  
Table 9 
   
Accuracy of Students Who Modeled Balcony Problem Using Their Linear Function From Day 
Two Linear (y = mx + b). 
 Experimental (n = 37) Control (n = 44) 
Correct Responses 68% 46% 
Incorrect Responses  32% 54% 
 
In the control group, students began the “Barbie Bungee” with direct instruction that 
detailed the characteristics of linear functions and the process used to determine them.  Students 
in the control group were all provided the same graph (Figure 12).  
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Figure 12. Provided graph of Barbie Bungee: Control group 
Students were required to model the given graph using a table and then determine which model 
would best fit the data, a line or curve. Fifty-five percent of the students in the control group 
concluded that the shape was indeed linear, while 41% of the group did not respond (Table 8). At 
least one group student stated that he did not understand what was happening in the problem to 
find the rate-of-change. This lack of understanding and connection to the problem may have led 
students to skip the problem altogether.  
 On the last day, students in the control group were instructed to apply their model created 
from the previous day to a new situation. One caveat concerning the control group is their 
application would only be theoretical, as they would not be actively experimenting. Students in 
the control group were also instructed to apply their model created from the previous day to a 
new situation. One caveat concerning the control group is their application would only be 
theoretical, as they would not be actively experimenting. Students in the control group (46%) 
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were able to model the new situation with a correct equation (correct rate-of-change and y-
intercept) and determine the number of rubber bands necessary to complete the task (Table 9). 
Anecdotal Evidence (student work exponential modeling). Although students in both 
the experimental and control groups were able to determine the best model (linear or 
exponential) for the shape of their graph, students in control were given a completed graph while 
students in the experimental group were asked to do this before their graph was completed. 
Students in the experimental group began by working on the Thermal Throwdown exponential 
task. The focus of the task was on the development of their conceptual understanding of 
exponential functions, particularly the rate-of-change, y-intercept, and interpreting asymptotes. 
Students were to use temperature probes to observe the change in the temperature of warm water 
over time. Not long after the data collection began, students were instructed to determine the 
what relationship they thought would best model the scenario, and y-intercept as well as give the 
meaning within the context of the problem. Thirty-three out of 44 students (75%) in the 
experimental group stated that they thought the scenario appeared to be “curved,” thus 
exponential. 
Students in the control group began day one working on Cool Coffee. Prior to the start of 
the task, the teacher gave a brief lecture explaining some of the characteristics of exponential 
functions, such as domain and range, rate-of-change, y-intercept, and asymptotes. When asked 
about the shape of the graph, 34 out of 37 students (92%) stated that a curve would best model 
because the dots appear to be curving. 
Anecdotal Evidence (student work linear interpreting). While the students in the 
control and experimental groups demonstrated their conceptual understanding by interpreting the 
y-intercept within a real-world context, the experimental group was able to transfer their 
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knowledge to a new experience. Students in the experimental group were instructed to determine 
the rate-of-change and the y-intercept procedurally. One-hundred percent of the students in the 
experimental group were able to interpret the y-intercept of their function accurately. Thirty out 
of 37 students (81%) in the experimental group used the origin as their y-intercept, while 7 out of 
37 students (19%) in the experimental group used a value determined from developing a model. 
Observational notes of student notes this day recorded at least one group of students reasoning 
when they stated that they would choose zero as the y-intercept because the height would be zero 
if they had not used any rubber bands. Some students did use a value other than zero to represent 
the height of their object. Either of these approaches is correct and demonstrates students’ 
conceptual understanding as it pertains to interpreting the y-intercept within the context of the 
problem. 
On the last day of the task students in the experimental group also demonstrated 
conceptual understanding as they interpreted the height of the balcony within the context of the 
problem, 25 out of 37 (68%) of the students in the experimental group were able to accurately 
interpret the height of the balcony (Table 9).   
Anecdotal Evidence (student work exponential interpreting). Using technology to 
develop an equation in both the experimental and control groups may have hindered their 
capacity to demonstrate conceptual understanding as it pertains to interpreting the rate-of-change 
and asymptotes, but not with the y-intercept. Students in the experimental group began by 
working on the Thermal Throwdown task. Twenty-nine out of 44 students (66%) demonstrated 
their development by accurately interpreting the y-intercept within the context of the problem 
(Table 10).  
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Table 10   
   
Percentage of Students (Experimental vs Control) Who Accurately Interpreted the Y-intercept 
Within Context on Day One of Thermal Throwdown and Cool Coffee. 
 Experimental (n = 44) Control (n = 37) 
Correct Responses 66% 51% 
Incorrect Responses 34% 49% 
Note: Results are for Cool Coffee and Thermal Throwdown students. 
 
The next question that the experimental group was instructed to discuss and answer 
concerned the asymptotes of exponential functions. The teacher noticed that almost all (91%) of 
the students did not respond to the question concerning if there was an asymptote in their graph. 
When asked, the students responded they were unsure what the question was asking. 
Students in the experimental group worked on the day two portion of the task by 
translating their graph to a function. The teacher observed students using their graph from the 
previous day along with graphing software to develop a model. Thirty-four out of 44 students 
(77%) in the experimental group were able to accurately translate from their graph to an equation 
that modeled their scenario (Table 13). Correct responses were those that contained an accurate 
rate-of-change and y-intercept. After developing a function, students were instructed to interpret 
the y-intercept and rate-of-change for their model. Forty-two out of 44 students (95%) in the 
experimental group were able to interpret and give meaning for the y-intercept. However, only 8 
out of 44 students (18%) in the experimental group were able to provide meaning for the rate-of-
change. 
Students in the control group were also asked to interpret the y-intercept from their graph 
and give the meaning within the context of the problem. Nineteen out of 37 students (51%) in the 
control group were able to accurately interpret the y-intercept and provide context (Table 10). 
Students were also instructed to interpret if there were any asymptotes in their graph and give the 
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meaning. Thirty-seven out of 37 students (100%) in the control group stated that there was an 
asymptote present in their graph, but only 20 out of 37 (54%) students in the control group were 
able to give the meaning within the context. Only 4 out of 37 students (11%) in the experimental 
group were able to interpret the asymptote within context correctly. 
Students in the control group worked on the day three portion of the task and used their 
knowledge from the previous classes to interpret future scenarios concerning asymptotes. Thirty-
six out of 44 students (88%) in the experimental group were able to interpret the asymptotes 
within context accurately (Table 11). 
Table 11   
   
Percentage of Students (Experimental vs Control) Who Demonstrated Understanding of 
Asymptotes in Exponential Functions Within Context. 
 Experimental (n = 44) Control (n = 37) 
Correctly Interpreted 82% 59% 
Incorrectly Interpreted 18% 41% 
 
After interpreting asymptotes, students were instructed to examine the graphs and models 
developed by other groups to determine which cup was able to maintain the temperature for the 
longest time. No students were able to decide on a clear winner; however, all of the students 
explained that due to the rate-of-change being so high, 0.9 and above for almost every group, it 
made it challenging to select which cup was able to hold the temperature for the greatest amount 
of time.  The thinking demonstrated by the students in the experimental group while trying to 
determine a winner demonstrates their conceptual understanding.  Changing from the rate-of-
change to the shape of the graph was a good indication that students were not just thinking in 
terms of one representation of the experience. Instead, they were fluently moving from one 
representation to another (interpreting and translating) to determine a winner. 
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Students in the control group worked on the day two portion of the task to begin 
modeling their graph with a function. The teacher observed students discussing the model from 
the previous day and using graphing software to help develop their model. Twenty-five out of 37 
students (68%) in the control group were able to develop a model that represented their scenario 
accurately. Students were then instructed to interpret the rate-of-change and y-intercept of their 
function and provide meaning within the context. Concerning the rate-of-change, only 5 out of 
37 students (14%) in the control group were able to give meaning within context. 
The control group began day three of the task with instructions to use their knowledge 
from the previous classes to interpret future scenarios concerning asymptotes. Only 22 out of 37 
students (59%) in the control group were able to interpret the asymptotes within context 
accurately  (Table 11). Students in the control and experimental group were also instructed to use 
their model to determine how long it would take for the liquid to reach a specific temperature; no 
students were able to answer this question accurately. 
Anecdotal Evidence (student work linear translating). Students in both the control and 
experimental groups were able to translate from a graph to an equation; however, the 
experimental group was able to do so more fluently. Students in the experimental group were 
asked to translate their graph into a linear equation. Within the experimental group, 26 out of 37 
students (70%) were able to translate from a graph to a linear equation (Table 12). Figure 13 
shows an exemplary student response from the experimental group. 
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Table 12 
   
Percentage of Students (Experimental vs Control) Who Demonstrated Conceptual 
Understanding by Translating From Their Graph to an Algebraic Equation With an Accurate 
m and b Value (y = mx + b). 
 Experimental (n = 37) Control (n = 44) 
Correct Response 70% 45% 
Incorrect Response 30% 55% 
Note: Translated pertains to the conceptual understanding definition from O’Callaghan (1998). Control 
group received direct instruction to determine the rate-of-change when given a table or graph.  
 
 
 
Figure 13. Exemplary work from student in experimental group demonstrating translating.  
 
After interpreting the y-intercept and translating from a graph to a function, students in the 
experimental group were instructed to interpret their rate-of-change and y-intercept within the 
context of the problem. Surprisingly, only 17% of the experimental students were able to 
interpret the rate-of-change and y-intercept with the rest of the students either answering “rate-
of-change,” “y-intercept” or leaving the question blank. When asked by the teacher about their 
answers, students stated that they did not realize what was meant by “in context,” they thought 
the question wanted them to state “rate-of-change” or “y-intercept.” 
    Students in the control group were also asked to demonstrate conceptual understanding by 
translating from a graph to a function. Students in the control group struggled to translate from a 
graph to a function (Table 12). While many of the students (55%) struggled with translating from 
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a graph to an equation, 20 out of 44 students (45%) were able to demonstrate their conceptual 
understanding. One such exemplary work is seen in Figure 14. 
 
Figure 14. Exemplary student work from linear control group.  
 
Anecdotal Evidence (student work exponential translating). Students in the 
experimental group began day two with instructions to start translating their graph to an 
equation. The teacher observed students using their graph from the previous day along with 
graphing software to develop a model. Seventy-seven percent of students in the experimental 
group were able to accurately translate from their graph to an equation that modeled their 
scenario (Table 13). Correct responses were those that contained an accurate rate-of-change and 
y-intercept. 
Table 13 
   
Percentage of Students (Experimental vs Control) Who Accurately Translated From Their 
Graph to an Equation That Modeled Their Exponential Scenario. 
 Experimental (n = 44) Control (n = 37) 
Correct Responses 77% 68% 
Incorrect Responses 23% 32% 
Note: Results are for Cool Coffee and Thermal Throwdown students. 
 
Students in the control group worked on the day two portion of the task by modeling their 
graph with a function. The teacher observed students discussing the model from the previous day 
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and using graphing software to help develop their model. Sixty-eight percent of control students 
were able to develop a model that represented their scenario accurately. 
 
Anecdotal Data: Observed Student Comments and Conversations. 
 The comments and conversations that were observed emphasized the impact that 
providing EL to students has on student conceptual understanding particularly as it pertains to 
their engagement with the task and the demonstrations of conceptual understanding through 
modeling, interpreting, and translating.  
The anecdotal data collected sought to examine what student comments and conversations and 
revealed about the impact of EL vs. TMI on students’ conceptual understanding of linear and 
exponential functions. A major theme seemed to emerge from the comments and conversations 
that were observed: providing experiences to students increased their engagement and interest 
and prompted students to voluntarily work beyond what was required. 
    During the linear task, many of the students in the control group were observed struggling 
with interpreting the rate-of-change within the context of the scenario. At least one student was 
observed saying “I don’t understand what’s happening to find the rate-of-change.” After 
discussing with other groups, it became evident to the teacher that this line of thinking was 
evident in other groups as well. This lack of connection during the linear task was not observed 
in any of the experimental group interactions. This result suggests that when students are not 
provided with CE, their conceptual understanding as it pertains to modeling is limited. 
    During the linear and exponential tasks, students in the control groups were asked to identify 
the y-intercept, and then interpret the y-intercept within the context of the scenario. At least one 
group was observed stating “this is easy, the y-intercept is already on here.” Students in both the 
EFFECT OF EL ON CONCEPTUAL UNDERSTANDING IN ALGEBRA 1 
 70 
linear and exponential control groups were provided with data that was already plotted on the 
graph. Even though these students were given the y-intercept and could identify it, they struggled 
to interpret the meaning of the y-intercept within the context of the problem. This result 
demonstrated by the control group is evidence that a lack of CE can hamper student growth in 
their conceptual understanding.  
    In the experimental groups, students in at least one group (Hannah and Ariel) were observed 
during the linear task demonstrating growth in their conceptual understanding. Hannah recorded 
the jump, while Ariel dropped the object. Their first experiment resulted in the object stopping 
about one foot short of the floor, an indication of a good model. However, they wanted to try to 
get closer to the floor. Ariel stated “our rate-of-change is 3.9, so about four. This means that for 
every rubber band we add we should drop four inches lower.” Hannah responded by stating, “we 
don’t need to add three more rubber bands because the weight of our object and gravity will 
make it hit the floor.” While this conversation was only discussed among a small percentage of 
students, it demonstrates the level of understanding that these two students were able to achieve. 
There was only one classroom teacher present for the atrium balcony bungee jumping, and with 
all groups testing their newly developed algebraic equations, the teacher suspects that 
conversations similar to Hannah and Ariel took place as students attempted to get closer to the 
floor on their second jump. The willingness of Hannah and Ariel to voluntarily continue working 
on a second jump was also seen in Abdulwahed and Nagy (2009). The observed conversation 
was a demonstration of their growth in conceptual understanding as they modeled their scenario, 
and interpreted the rate-of-change accurately. 
    During the exponential task, at least one group of students (Alex and Drake) were observed 
demonstrating growth in their conceptual understanding. During Thermal Throwdown students 
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were to use temperature probes to observe the change in the temperature of warm water over 
time. Alex and Drake, when asked about what they thought about the meaning of the y-intercept 
stated that “at first we said it was the temperature, but then we changed it because it was the 
temperature when time was zero, not just the temperature.” This line of thinking by Alex and 
Drake concerning the meaning of the y-intercept is correct and demonstrates the impact of 
providing students with CE and RO. They were able to reflect on their answer and develop a 
more refined solution that accurately interpreted the y-intercept. 
    The level of conversation between the students in the experimental groups was not observed 
with any of the control groups. One thing to note is that students in the control group may have 
developed these ideas but due to the nature of TMI were not provided a way to demonstrate or 
express them. By providing students in the experimental group with EL teaching strategies, they 
were able to express their ideas, develop new ideas, and further enhance their conceptual 
understanding. Students in the control group were very limited in their opportunities to express 
their thinking and to demonstrate any growth in their conceptual understanding. 
Conclusion 
 When examining the quantitative data from the conceptual understanding pre and post 
assessments, in most cases the experimental group demonstrated more growth in their mean 
scores than the control group. However, these differences were not always at a statistically 
significant level. While the quantitative data from the linear tasks do not readily indicate that the 
experimental group outperformed the control group, quantitative data collected from the 
exponential tasks did indicate statistically significant growth by students in the experimental 
group. Furthermore, anecdotal data collected from student work and teacher observations did 
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indicate a level of conceptual understanding attained by the students in the experimental group 
that was not achieved by the control students. 
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Chapter 5: Discussion, Limitations, and Future Research 
 
Discussion 
 
This study explored the impact of Experiential Learning Theory (EL) on students’ 
conceptual understanding of linear and exponential functions. The following subsections provide 
an overview of the answer to each research question and frame the answer within mathematics 
education literature.  
Research question 1. Is there a significant difference in students’ conceptual 
understanding when they are taught algebra through experiential learning versus TMI as 
measured by overall scores on assessments of exponential and linear algebra? Overall, students 
in the control group grew in their conceptual understanding of linear functions; however, this 
result was not statistically significant (p>.05). On the other hand, students in the experimental 
group grew more than students in the control group in their conceptual understanding of 
exponential functions; this result was at a statistically significant level (p<.05). According to the 
quantitative data collected from the conceptual understanding pre and post assessments, control 
groups during the linear task outperformed the experimental groups F(1,79) = .131, p = .719. 
However, this result was not at a statistically significant level (p > .05).  
This result, while disappointing, can be explained. In their study, Ketelhut, Dede, Clarke, 
Nelson, and Bowman (2008) and Ketelhut and Dede (2006) found that when trying to measure 
students’ participation and interaction with their environment through inquiry, multiple-choice 
posttests may not reflect the results seen in the anecdotal data. One factor which may have 
influenced the results of the overall data is students’ prior knowledge of linear equations. Linear 
equations are a topic students may have been familiar with prior to entering ninth grade algebra 
(Birgin, 2012; Georgia Standards, 2016; Spielhagen, 2006). However, students in the 
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experimental group received EL instruction for the first time in their academic career were asked 
to prioritize thought over memorization, to reflect over their experience, and to conceptualize 
what they had learned and apply that knowledge to new situations. In summary, the control 
group did perform better than the experimental group but not at a statistically significant level. 
What must also be noted is the experimental also increased their mean score indicating they too 
had learned and were able to demonstrate an increase in their conceptual understanding. 
When analyzing the results from the exponential pre and post assessments, both groups 
showed positive gains in their mean scores (Control M = 2.70 and Experimental M = 14.92). 
However, students in the experimental group demonstrated an increase in their conceptual 
understanding at a statistically significant level F(1,79) = 9.55, p = .003. While linear equations 
are a topic students may be familiar with prior to entering ninth grade algebra, exponential 
equations are first introduced in ninth grade algebra. Therefore, students would have no previous 
knowledge of this concept. This result is similar to Abdulwahed and Nagy (2009) where they 
found that while the experimental and control lab groups overall mean scores were close, on 
questions involving in-depth analysis, students from the experimental group performed better 
(p<.05).  
Overall, according to the quantitative data, the students in both groups demonstrated an 
increase in their conceptual understanding when comparing their mean averages. While the 
scores from the linear task for the control group were better than the experimental group, they 
were not statistically significant (p>.05). However, the experimental group did show an increase 
in their conceptual understanding at a statistically significant level (p<.05) when comparing their 
mean averages. This would suggest that teaching using EL strategies versus TMI can improve 
students’ conceptual understanding of linear and exponential equations. At the very least, 
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students taught using EL strategies did not digress in their understanding but did show gains in 
all phases of conceptual understanding (modeling, interpreting, and translating). In some 
instances (exponential modeling), they demonstrated gains at a statistically significant level 
(p<.05). 
Research question 2. Two sources of data were used to answer this research question: 
quantitative and anecdotal evidence. The first will be the students’ quantitative data from the 
conceptual understanding pre and post assessments. The second will be student work collected 
during the linear and exponential tasks from the control and experimental groups. One 
observation to note, when looking at the raw mean score for each of the linear and exponential 
subconstructs measured (modeling, interpreting, and translating), the experimental group 
increased their raw mean score on every construct measured with one exception, linear 
interpreting. Additionally, the experimental groups never experienced a negative result in their 
mean score. While these differences were not always statistically significant, they do highlight 
the effect in providing concrete experiences and EL strategies versus TMI to students in ninth 
grade algebra. While the quantitative data indicated there was no statistical difference between 
the groups, anecdotal evidence indicated that students in the experimental group demonstrated 
growth in their conceptual understanding as evidenced by the results from chapter 4, where 
students in the experimental group were interpreting the rate-of-change and y-intercept 
accurately and using that information to develop new models and experiences. 
Research indicates that students struggle with interpreting the parameters of functions. 
Pierce et al. (2010) found that students had difficulty perceiving the roles that the y-intercept has 
in a function. Pierce et al. (2010) go on further to state that students also had a difficult time 
interpreting the changes when moving from a contextual representation to a graphical one 
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(translating). Anecdotal evidence collected by the researcher showed students in the 
experimental group were able to generate the y-intercept for their function without direct 
instruction from the teacher. Students in the experimental group were also able to extend their 
understanding of the rate-of-change and y-intercept of a function to create an equation that 
accurately represented their graph. Students in the experimental group were able to accomplish 
this with only being provided an experience with the concept rather than by using memorized 
rules and formulas. 
Research question 2a. When comparing the linear modeling score of the control and 
experimental groups using between-subjects ANOVA, there was no statistically significant 
difference found. Therefore, the answer to research question 2a is that there was no significant 
difference in students’ conceptual understanding when they are taught algebra through EL versus 
TMI as measured by their accuracy in modeling real-world phenomena with linear functions. It 
should be noted that students in both groups showed positive growth in their mean scores, and 
while students in the experimental groups demonstrated higher growth (control M=10.80 and 
experimental M=12.16), this difference was not at a statistically significant level (p>.05).  
In the control and experimental groups, students were asked to identify their graph as 
either linear or exponential. Fifty-five percent of the students in the control group accurately 
identified the graph as being linear, but only 4% gave reasons based on the rate-of-change, the 
rest used the shape of the graph. However, 95% of the student in the experimental group 
accurately identified, with 66% of them using the rate-of-change as the reason rather than the 
shape.  Chiu et al. (2001) state that the conceptual understanding of linear functions is more than 
understanding procedures; it involves understanding the connections between representations. 
This statement by Chiu et al. (2001) was evident in this study by the majority of students in the 
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experimental group (66%) who demonstrated their conceptual understanding by using the rate-
of-change from their graph to accurately determine the appropriate model to represent their 
experience, compared to only 4% of students in the control group.  
Students in both the control and experimental groups were able to develop a function that 
would model a future scenario. However, only students in the experimental group were allowed 
to test their model. Students in the control and experimental groups were required to apply the 
model they created to a new context, bungee jumping off the balcony. Both groups were to use 
their model to determine the number of rubber bands necessary for a successful jump. Seventy-
seven percent of students in the experimental group accurately developed an equation that was 
successful when tested, compared to only 68% of students in the control group. Students in the 
experimental group connected multiple representations by not only developing their model from 
the data they collected, but they made adjustments to the rate-of-change so that they could 
perform a second jump. This adjustment and retest were done without prompting from the 
teacher. This result is supported by Abdulwahed and Nagy (2009) when many of their students 
voluntarily chose to do more work, knowing it would be included in their final grade. In the 
control group, since they were not actively performing bungee jumps to test their theory the 
teacher did not observe students interpreting their rate-of-change and using their interpretation to 
model new scenarios. This result is supported by the findings of Abdulwahed and Nagy (2009) 
since the scores of both groups were close on the pre and post assessments. The difference 
became noticeable when examining their performance on questions requiring in-depth thought; 
students in the experimental group outperformed students in the control group. Furthermore, this 
type of teaching strategy where students connect and use mathematical representations to 
promote conceptual understanding is a classroom strategy supported by NCTM (2014). 
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When comparing the exponential modeling score of the control and experimental groups 
using a between-subject ANOVA, there was a statistically significant difference found in favor 
of the experimental group. Therefore, the answer to research question 2a is that there was a 
significant difference in students’ conceptual understanding when they are taught algebra 
through EL versus TMI as measured by their accuracy in modeling real-world phenomena with 
exponential functions. Students from the experimental group showed positive growth in their 
score (M=14.20), while students in the control group showed negative growth (M= -2.03). This 
difference in the scores was at a statistically significant level (p<.05).  
The statistically significant growth demonstrated by the students in the experimental 
group is also supported by the student work collected during the exponential task. Students in 
both the control and experimental groups were asked to determine if a linear or exponential 
function would best model their problem. Sixty-five percent of students in the control group 
responded that a curve would, compared to 75% of students in the experimental group. Students 
in the control group did not attempt to use the rate-of-change to make this determination, and 
only 45% of students in the experimental group attempted to use the rate-of-change. One thing to 
note is that students in the experimental group stated that they knew the rate-of-change was not 
constant, therefore linear, that is why they chose exponential. This result from the further 
demonstrates the connection between representations (NCTM, 2014) made by the experimental 
students. Students’ intuition concerning the rate-of-change being exponential because it was not 
constant is also supported by Confrey and Smith (1994). This attempt by students in the 
experimental group to reason about the rate-of-change of an exponential equation demonstrates, 
according to Weber (2000), that they were approaching the second level of conceptual 
understanding of exponential functions “exponentiation as a process” (p. 10).  
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 Research question 2b. When comparing the linear interpreting score of the control and 
experimental groups using a between-subjects ANOVA, there was no statistically significant 
difference found. Therefore, the answer to research question 2b is that there was no significant 
difference in students’ conceptual understanding when they are taught algebra through EL versus 
TMI as measured by their accuracy in interpreting equations, tables, and graphs of linear 
functions. It should be noted that students in both groups showed positive growth in their mean 
scores, the control group mean score (M = 15.15) was higher than the experimental group mean 
score (M = 7.71), although not at a statistically significant level (p>.05).     
At first interpreting the rate-of-change proved challenging for both groups; however, 
students in the experimental group were given the opportunity by the last day to demonstrate 
growth in this area. Students in both the experimental and control groups were required to 
interpret the meaning of the rate-of-change and y-intercept within the context of the problem. 
Only 16% of students in the experimental group were able to provide context for the rate-of-
change and y-intercept. Pierce et al. (2010) showed in their study the difficulty demonstrated by 
students to perceive the role that the y-intercept and rate-of-change perform for a function. The 
last day of the linear task afforded the experimental group another opportunity to interpret the 
parameters of a linear function when they developed a function for a new scenario. Seventy-
seven percent of students in the experimental group accurately interpreted rate-of-change and its 
impact on the second bungee jump attempt.   
When comparing the exponential interpreting score of the control and experimental 
groups using a between-subjects ANOVA, there was no statistically significant difference found. 
Therefore, the answer to research question 2b is that there was no significant difference in 
students’ conceptual understanding when they are taught algebra through EL versus TMI as 
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measured by their accuracy in interpreting equations, tables, and graphs of exponential functions. 
It should be noted that students in both groups showed positive growth in their mean scores, and 
while students in the experimental groups demonstrated higher growth (control M=12.43 and 
experimental M=21.36) this difference between the two groups was not at a statistically 
significant level (p>.05). The growth demonstrated by both groups can best be defined as growth 
in percentage points from the pretest to the posttest. For students in the control group, this would 
indicate an increase of about 12 percentage points, while the experimental group grew by nearly 
21 percentage points. Even though the results from the quantitative data are not statistically 
significant, they do represent positive growth.  
When examining the student work collected during the exponential task students in both 
groups struggled to interpret the meaning of the rate-of-change within the context of the 
problem. Students in both the control and experimental groups were asked to interpret the rate-
of-change and y-intercept of exponential functions within context. Fifty-four percent in the 
control group stated they had no idea, while the rest attempted to interpret the rate-of-change in 
terms of a linear relationship. Eighteen percent of students in the experimental group accurately 
interpreted, while 64% interpreted using linear qualities and 18% stating they had no idea. When 
this result is compared to Weber (2002), we can see that the majority of students did not reach 
what Weber defined as “exponentiation as a process” where students can interpret exponentiation 
as a function and reason about the characteristics and parameters of this function. 
Additionally, in lessons such as this one where the focus is primarily on developing 
student conceptual understanding, Davis (2005) warns of the danger of not developing students’ 
procedural knowledge and conceptual knowledge together through classroom activities. He 
states that the building of conceptual knowledge and procedural knowledge should be connected 
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through classroom activities. This activity did not provide students in the experimental group 
many procedural activities to coincide with what they were learning conceptually, which may 
have led to their difficulty in interpreting the rate-of-change. Students in the control group had 
received direct instruction on identifying and interpreting the rate-of-change and y-intercept of 
exponential functions, yet this information was not recalled when working through the task 
Students in the control and experimental groups were asked to interpret asymptotes in an applied 
setting. Sixty percent of students in the control group were able to accurately interpret, compared 
to 82% of students in the experimental group. Students in both groups were also asked to solve 
problems involving asymptotes in an applied setting. None of the students in the control group 
and only 18% of the students the experimental group were able to solve problems involving 
asymptotes in an applied setting. Weber (2002) states, in his study, that students who possess a 
process understanding of the rules of exponents can reason about the properties of this function. 
Understanding exponentiation as a process is the second level of understanding exponential 
functions. While students were able to reason about a particular characteristic of exponential 
functions, both groups struggled to solve problems with exponentials in an applied context, 0% 
in the control group and 18% in the experimental. This result indicates that students are 
approaching the level of exponentiation as a process but have not fully reached it at this time.   
 Research question 2c. When comparing the linear translating score of the control and 
experimental groups using a between-subjects ANOVA, there was no statistically significant 
difference found. Therefore, the answer to research question 2c is that there was no significant 
difference in students’ conceptual understanding when they are taught algebra through EL versus 
TMI as measured by their accuracy in translating among the different representations of linear 
functions. It should be noted that students in both groups showed positive growth in their mean 
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scores, and while students in the experimental groups demonstrated higher growth (control 
M=.57 and experimental M=5.41), this difference was not at a statistically significant level 
(p>.05). 
 Students in both the control and experimental groups were asked to translate from a table 
to a model and use that to predict how many rubber bands would be needed for a successful 
jump. Sixty-eight percent of students in the control group was successful at developing an 
accurate model, compared to 77% of the students in the experimental group. Bardini and Stacey 
(2006) state that students often confuse rate-of-change and y-intercept when working with linear 
functions. However, 77% of students in the experimental group were able to interpret the 
parameters that needed to be adjusted for a successful jump. This result is interesting as well 
since Pierce et al. (2010) also found that students often struggle with the role that the parameters 
m and c perform for linear functions. The control group was not participating in actively bungee 
jumping their “Barbie,” therefore they were not afforded the opportunity to demonstrate their 
understanding of what impact the parameters m and c perform for linear functions.  
 When comparing the exponential translating score of the control and experimental groups 
using a between-subjects ANOVA, there was no statistically significant difference found. 
Therefore, the answer to research question 2c is that there was no significant difference in 
students’ conceptual understanding when they are taught algebra through EL versus TMI as 
measured by their accuracy in translating among the different representations of exponential 
functions. It should be noted that students from the experimental group showed positive growth 
in their score (M=5.20), while students in the control group showed negative growth (M= -7.21). 
This difference in the scores was not at a statistically significant level (p>.05). 
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 The results from the anecdotal evidence indicate that the students in the experimental 
group did indeed show positive growth (not at a statistically significant level); this is further 
supported by the student work collected during the exponential task. Students in both the control 
and experimental groups were asked to translate their tables into an equation that would model 
their graph. Sixty-eight percent of students in the control group were able to accurately translate 
their table, compared to 77% in the experimental group. Students were not required to develop 
these equations manually but rather used technology. Students in the experimental group were 
asked to further demonstrate their conceptual understanding of exponential functions by 
determining whose cup was the best. The students exclaimed that the rates-of-change and graphs 
were so close it was impossible to tell. The students determining which characteristics needed to 
be analyzed is a demonstration of their growth in conceptual understanding. In his study, Weber 
(2002) states that students who possess a process understanding of the rules of exponents can 
reason about the properties of this function. Students in this study were not asked to examine all 
properties of exponential equations but rather were asked to reason about the characteristics of 
this function. While they were not able to declare a winner because the rates-of-change were so 
close, the students in the experimental group did demonstrate their growth in conceptual 
understanding when they were comparing the rates-of-change and shapes of the graphs to 
determine a winner. Students in the control group did not participate in the competition; 
therefore there were no observations of them demonstrating this level of understanding. 
Anecdotal Evidence: Student comments and conversations. Conversations with 
students, as well as comments and conversations overheard among student groups during 
observations, indicate that the experiences provided by EL to students in the experimental group 
encouraged growth in their conceptual understanding beyond what was demonstrated by students 
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in the control group. Specifically, the comments and conversations of students in the 
experimental group activity Bungee Bob’s demonstrated growth in their conceptual 
understanding of rate-of-change and y-intercept. One of the core principles of social 
constructivism is the idea of personal meaning being constructed through personal experience, 
where the learner, through collaboration and interaction with their environment constructs 
meaning from their experience. This demonstration of growth by the experimental group was not 
observed in the control group. The growth observed by the students in the experimental group 
was during the time that students were discussing with each other concerning what they had 
observed. These discussions by the students are an essential part of social constructivism and 
help aid in constructing meaning from their experience. According to Pierce et al. (2010), the 
struggle for students in linear functions is to reason about the roles that m (rate-of-change) and c 
(y-intercept) can perform for a function. When listening to students in the control group during 
the beginning of the linear task, they were asked to find and interpret the meaning of the y-
intercept and rate-of-change within the context of the problem. The teacher noticed that almost 
all of the students were not answering these problems. When asked why they were not answering 
these questions, one student stated: “I don’t understand what’s happening to find the rate-of-
change.” When asked how many other students felt the same way, over half the class raised their 
hand. In response to the students’ frustration, the teacher held a class discussion, reminding them 
of the rules and formulas for determining the rate of change when given a table or equation.  
Initially, when the students in the experimental group approached these same problems, 
they did not answer because they thought the question was asking them to state if the value was 
the rate-of-change or the y-intercept. The demonstration of their growth in conceptual 
understanding of the m and c parameters was demonstrated on day two when observation notes 
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of students on this day recorded at least one group of students reasoning that they would choose 
zero as the y-intercept because the height would be zero since they had not used any rubber 
bands.   
On the third day of the linear task observation notes recorded two students conversing about their 
rate-of-change after their first attempt at a bungee jump. The group was successful in their jump 
(they did not hit the floor). However, they were not satisfied with their result and wanted to try to 
get closer. They reasoned that they needed to add two more rubber bands since their rate-of-
change was about four. The decision to adjust their rate-of-change and allow for gravitational 
effects demonstrates the growth in the conceptual understanding of the parameters of linear 
functions described by Pierce et al. (2010) and Bardini and Stacey (2006). No students in the 
control group were observed having any discussions demonstrating this type of reasoning.  
One further observation to note is these students already had a successful jump but wanted to 
improve their results. This desire to voluntarily do more was also seen in Abdulwahed and Nagy 
(2009) and was attributed to the effect of using EL in the classroom.   
Experiential Learning Spiral – My Observation 
 After conducting this study, one thing that I observed students doing at each stage was 
reflective observation. Whether it was during the AC or AE phase, or even as they entered a new 
CE phase, students were continuously reflecting over their work and making adjustments to 
move toward a new experience. This action demonstrated by the students led me to adjust the 
cycle so that RO is not just one phase of the cycle but rather permeates the entire process. 
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Figure 15. An adjustment to Kolb’s Experiential Learning Cycle. Adapted from Kolb (2012)  
 
Implications 
  
The results from this study produced three implications that can impact high school mathematics 
teachers, teacher educators, and high school administrative officials: (1) EL is just as effective as 
TMI, (2) students in EL are more engaged than students in TMI, and (3) providing professional 
development for high school mathematics teachers may generate positive results in the 
classroom. 
 The first implication as a result of this study is EL is as effective a teaching strategy as 
TMI. This implies that high school mathematics teachers should not be hesitant to implement EL 
strategies in the classroom for fear that doing so may negatively impact student performance. 
Students in the experimental group demonstrated growth in all their mean gain scores with two 
scores being statistically significant. The strategies implemented during the experimental lessons 
were conducted alongside and in the same time frame as the strategies implemented during the 
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control lessons. This would imply that no more time is needed to implement EL strategies than 
what is needed to implement TMI strategies, and student learning will not suffer as a result. A 
couple of considerations for the classroom that will maximize effectiveness would be to have the 
rubber bands sorted into groups of approximately thirty so that time is not wasted counting out 
the exact amount each group needs (Bungee Bob's). For the exponential group, having a pot of 
hot water in the room would also help eliminate wasted time going to fill up their cups (Thermal 
Throwdown). Finally, have a stopwatch or timer to help keep the pace and not waste time 
unnecessarily. 
 The second implication of this study is that students in the experimental group were more 
engaged in the learning process than students in the control group. Research states students are 
becoming more disengaged the longer they are in high school (Gallup 2013-2016), they feel their 
mathematics classes are irrelevant (Boaler, 2000; Drew, 2011) and they are not motivated to 
work hard in math (Boaler, 2000). During the beginning of the linear task one student from the 
control group when asked to determine the rate-of-change stated that he did not know what was 
going on to find the rate of change. While this student was the only one observed stating this, 
results from the study (Table 8) suggest that more students were experiencing this same 
disconnect. This lack of engagement was not observed with any of the students experience EL 
teaching. Furthermore, students in the experimental groups were observed conducted second and 
third experiments to try and develop a better equation to model their bungee jumping scenario. 
Students volunteering to work extra was not observed in any of the students in the control group.  
 The final implication of this study is the importance of training teachers to implement EL 
in the mathematics classroom. This implication concerns teacher educators and administrators 
and the importance of providing professional development in EL strategies. The results from this 
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study imply that EL can impact student learning despite the classroom teachers’ lack of training 
in implementing EL. This does not imply that classroom teachers do not need training to 
implement EL in the classroom. However, this study showed that positive results can happen 
when implementing EL, even if the classroom teacher has not received much professional 
development.  
 As was discussed earlier, students are becoming more disengaged from the math 
classroom and high school in general (Boaler, 2000; Drew, 2011; Gallup 2013-2016). In my own 
experience as a college adjunct professor teaching elementary algebra. I have had many students 
from the local high schools taking my class and struggling with the same concepts as they did in 
the ninth grade. I have also experienced moments in the classroom where projects were assigned 
just for the sake of doing it, and not with the intention of developing understanding.  
In their article Barron and Darling-Hammond (2007) emphasize the challenges to the 
successful implementation of inquiry-based approaches. They state that when teachers do not 
understand how to implement these strategies the students will not receive the proper instruction 
as the lesson unfolds. Implementing inquiry-based strategies requires new responsibilities by the 
classroom teacher including, understanding the amount of time needed for inquiry, classroom 
management, facilitate group learning, providing individual feedback, and how to develop proper 
assessments to guide the learning process. Teachers cannot merely supply students with 
engaging tasks and projects and expect them to grow in their understanding (Barron & Darling-
Hammond, 2007; Blumenfeld et al., 1991; Marx et al., 1994; Rosenfeld & Rosenfeld, 1999; 
Puntambekar & Kolodner, 2005; Gertzman & Kolodner, 1996). As a high school teacher, I 
experienced the difficulty of implementing EL in the classroom, but the results were evident. 
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Students grew in their understanding as measured by their mean gain score, and they were more 
engaged in the process.   
Limitations 
While this study provides teachers and teacher educators with examples of how to 
implement EL within a ninth-grade algebra classroom, it is important to discuss the limitations of 
the study. Five limitations were identified as potentially impacting some of the results for the 
experimental groups: length of the class period, sample size, student familiarity with traditional 
lecture and not EL, limited access to all experimental groups, and more constructed response 
items on assessments. 
The first limitation to discuss is time within the class periods. The school where the study 
was conducted operates on a fifty-minute bell schedule. When conducting experiments or 
designing activities that require students to collect data, this time was very short. This often led 
to the class discussions at the end having to be cut short. By not having enough time for the 
facilitation of discussion between the students and the peers, as well as the teacher, students may 
have missed some supporting knowledge they would have needed to make sense of what they 
had experienced (Barron & Darling-Hammond, 2007; Edelson, Gordin, & Pea, 1999). 
Second, the sample size and sample used in this study need to be considered before 
attempting to generalize these results to student populations. The researcher’s access to students 
was limited to the class schedule determined by the school. The population for this study was on-
level ninth grade algebra students. This convenience sampling limits the generalization of the 
results of the study to other populations, such as other grade levels, or honors classes. 
Third, the students in this study were accustomed to TMI and not EL. Each phase of the 
study only lasted five days. This length of time may not have been enough to allow students to 
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develop this type of thinking and thus limit the effect of EL strategies. This study could be 
improved by examining the effect of EL on a complete unit in algebra, rather than specific 
concepts.  
Fourth, the anecdotal data collected during this study showed how students in the 
experimental groups were able to use multiple representations when working with functions. 
However, since there was only one teacher in the room, there may have been more indications of 
an increase in conceptual understanding that could have been missed by the classroom instructor. 
In the future, maybe following up with survey questions asking students to explain their thinking 
for a particular question would be impactful. 
Finally, change the conceptual understanding assessment to include more short answer 
items. The researcher designed the conceptual understanding instrument to measure students 
conceptual understanding through multiple choice items from already established assessments. 
However, these questions did not provide students with the opportunity to communicate their 
conceptual understanding of linear and exponential functions and allowing students the 
opportunity to work with multiple representations within a context. Therefore, this study could 
be improved by adjusting the conceptual understanding instrument to include more short answer 
items which would require students to communicate their understanding through written 
response. 
Future Research 
After conducting this study, three areas of future research are needed: more research 
examining (1) EL implementation in secondary mathematics classes, (2) the impact of EL on 
student conceptual understanding when integrated into the curriculum, and (3) student 
motivation in the mathematics classroom where EL is implemented. 
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The first area of future research is that more research is needed to examine the impact of 
ELT on student conceptual understanding in high school mathematics classes. Besides this study, 
Abdulwahed and Nagy (2009) is one of the only other studies to implement ELS as defined by 
Kolb (1984) while measuring student performance (Baker and Robinson, 2016).  The results 
from this study indicate a need for more studies in high school mathematics classes examining 
the impact of Kolb's ELS on student achievement. This study only examined the impact to 
conceptual understanding of the parameters of linear and exponential functions. This study could 
be expanded to include the examination of the concept of linear functions and exponential 
functions, not just their parameters. Oehrtman and Carlson (2008) discuss the lack of function 
understanding possessed by undergraduate college students who scored an A in calculus. This 
finding further indicates the need for high school mathematics teachers to examine the impact 
that ELS can have on student conceptual understanding in classes other than ninth-grade algebra. 
Another area of research needed is the examination of the impact of ELS on student 
conceptual understanding when integrated into the curriculum. This study was implemented over 
two weeks for part of one unit in algebra. Students in the treatment groups may have never been 
exposed to this type of teaching strategy (ELS), and yet they still demonstrated positive growth 
on all constructed measured. Areas of possible further research need to be done over a longer 
period and with more than one unit.  By integrating ELS into the school curriculum, students 
may become more acclimated to this teaching style and as a result, improve their performance in 
the mathematics classroom. Students in classrooms today are typically accustomed to TMI and 
not EL (Boaler, 2000; Drew, 2011). Furthermore, it was mentioned in this study that the 50-
minute class schedule impacted the discussions at the end of each day. This is a vital part of the 
ELS process in that it provides students in the RO and AC portion of ELS with meaningful 
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mathematical discourse to build a shared understanding (NCTM, 2014), which is a foundational 
principle of social constructivism (Kim, 2001; Powell & Kalina, 2009).  
A final area of future research would be to examine the student motivation in the 
mathematics classroom where ELS is implemented. In a study conducted by Boaler (2000) one 
student was asked if they ever worked hard in something just because they are interested in it. 
The student answered yes but not in their mathematics class. This study did not examine the 
impact of ELS strategies on student motivation, but some of the observations made by the 
classroom teacher warrant future research in this area. The first observation was when the 
students in the control group found out about the experiments that were being conducted in the 
experimental group. They began to ask if they would be able to participate in those experiments. 
They were asking to participate in mathematical activities because they sounded fun. The second 
observation was when Hannah and Ariel were observed revising their equation model and 
attempting a second jump. This volunteering to work beyond what is required warrants further 
examination to see if this behavior might be exhibited in more students.  This study could be 
expanded to include the examination of student motivation from all grade levels when taught 
using ELS. Gallup polls (2013-2016) suggest that student motivation and engagement are 
decreasing the longer students are in high school. Additionally, Yazzie-Mintz (2010) found that 
students were bored, found the material not interesting, and irrelevant. This study did not 
explicitly measure student engagement; however, the anecdotal evidence collected implied 
students in the experimental group were more engaged with the material than students in the 
control group. 
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Appendix A – Conceptual Understanding Pretest 
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Appendix B – GSE Standards 
 
 
Standards from algebra that are addressed in Phase I and II.  
Phase I – Linear Phase II - Exponential 
MGSE9-12.F.IF.7 Graph functions expressed 
algebraically and show key features of the 
graph both by hand and by using technology 
MGSE9-12.F.IF.2 Use function notation; 
evaluate functions for inputs in their domains, 
and interpret statements that use function 
notation in terms of a context. 
MGSE9-12.F.IF.4 Using tables, graphs, and 
verbal descriptions, interpret the key 
characteristics of a function which models the 
relationship between two quantities. Sketch a 
graph showing key features 
MGSE9-12.F.IF.6 Calculate and interpret the 
average rate of change of a function 
(presented symbolically or as a table) over a 
specified interval. Estimate the rate of change 
from a graph. 
MGSE9-12.F.BF.1 Write a function that 
describes a relationship between two 
quantities 
 
MGSE9-12.F.IF.7 Graph functions expressed 
algebraically and show key features of the 
graph both by hand and by using technology 
MGSE9-12.F.IF.2 Use function notation, 
evaluate functions for inputs in their domains, 
and interpret statements that use function 
notation in terms of a context 
MGSE9-12.F.IF.7e Graph exponential 
functions, showing intercepts and end 
behavior. 
MGSE9-12.F.IF.6 Calculate and interpret the 
average rate of change of a function 
(presented symbolically or as a table) over a 
specified interval. Estimate the rate of change 
from a graph. 
MGSE9-12.F.IF.9 Compare properties of 
two functions each represented in a different 
way (algebraically, graphically, numerically 
in tables, or by verbal descriptions). 
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Appendix C – Linear Assessment 
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Appendix D – Exponential Assessment 
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Appendix E – Texas STAAR Development Process 
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Appendix F – Constructed Responses Rubric 
 
This question seeks to assess students’ conceptual understanding as it pertains to interpreting 
exponential functions. Interpreting in this study is defined as interpreting functions represented 
in different ways in terms of real-life applications. In this problem students are given a 
problem situation with a graph and asked to interpret on which interval did the internal 
temperature change the most. Below are the accepted responses that show students’ conceptual 
understanding as they relate to interpreting as well as responses the do not show conceptual 
understanding as it relates to interpreting. 
Accepted Responses (Score = 1) 
• 10-20 minute interval 
• 10 to 20 minutes 
• Between 10 and 20 minutes 
• 10 to 20 
• (10, 20) 
Unacceptable Responses 
(Score = 0) 
• 80-90 minute interval 
• 10 minutes 
• 90 minutes 
• Any interval that is 
not the 10 to 20 
minute interval 
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This question seeks to assess students’ conceptual understanding as it pertains to translating 
exponential functions. Translating in this study is defined as Transitioning from one 
representation (equation, table, or graph) to another. In this problem students are given one 
representation (table) and asked to transition from the given representation to another (graph). 
Below are the accepted responses that show student conceptual understanding as it relates to 
translating as well as responses the do not show conceptual understanding as it relates to 
translating.  
Accepted Responses (Score = 1) 
•  
Unacceptable Responses 
(Score = 0) 
• Incorrect points 
• Missing labels on axes 
• Missing values on 
axes (ok to have scale 
and not precise M or 
D values 
• An increasing linear 
function 
• A decreasing function 
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•  
•  
•  
•  
• Switched axes would be okay but not ideal  
• A function not 
graphed in the first 
quadrant. 
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This question seeks to assess students’ conceptual understanding as it pertains to interpreting 
linear functions. Interpreting in this study is defined as interpreting functions represented in 
different ways in terms of real-life applications. In this problem students are given a problem 
situation with a table and asked to interpret the annual rate of decrease. Below are the accepted 
responses that show student conceptual understanding as it relates to interpreting as well as 
responses the do not show conceptual understanding as it relates to interpreting.  
Accepted Responses (Score = 1) 
• 1600 
• $1600 per year 
• -1600 
• 3200/2 
• Any answer which refers to the rate of change as 1600. 
Unacceptable Responses 
(Score = 0) 
• Any response that 
does not refer to 1600 
as the rate of change. 
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This question seeks to assess students’ conceptual understanding as it pertains to interpreting 
linear functions. Interpreting in this study is defined as interpreting functions represented in 
different ways in terms of real-life applications. In this problem students are given a problem 
situation with a table and asked to interpret the value of the car after ten years. Below are the 
accepted responses that show student conceptual understanding as it relates to interpreting as 
well as responses the do not show conceptual understanding as it relates to interpreting.  
Accepted Responses (Score = 1) 
• $800  
Unacceptable Responses 
(Score = 0) 
• 4000 
• Anything other than 
800 
• 4985.15 
• 4800 
• 5853.66 
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This question seeks to assess students’ conceptual understanding as it pertains to translating 
linear functions. Translating in this study is defined as transitioning from one representation 
(equation, table, or graph) to another. In this problem students are given one representation 
(table) and asked to transition from the given representation to another (graph). Below are the 
accepted responses that show student conceptual understanding as it relates to translating as 
well as responses the do not show conceptual understanding as it relates to translating.  
Accepted Responses (Score = 1): 
• V = -1600t + 16800 
• V = 16800 – 1600t 
• V(t) = 16800 – 1600t 
• V(t) = -1600t + 16800 
Unacceptable Responses 
(Score = 0): 
• Any function or 
equation where the 
rate of change is not 
negative 1600 and the 
y-intercept is not 
16800 
• V = 16800(3200)^t 
• V = 16800(9/13)^t 
• V = 4000 
• V(t) = 16800(3200)^t 
• V(t) = 16800(9/13)^t 
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This question seeks to assess students’ conceptual understanding as it pertains to modeling 
linear functions. Modeling in this study is defined as transitioning from a problem situation to 
a mathematical situation. In this problem students are given a problem situation (word 
problem) and asked to model using a symbolic rule (equation) the weight of the truck as a 
function of the boxes. This demonstrates conceptual understanding by definition because they 
are transitioning from a problem situation to a mathematical one. Below are the accepted 
responses that show student conceptual understanding as it relates to modeling as well as 
responses the do not show conceptual understanding as it relates to modeling.  
Accepted Responses (Score = 1): 
• W = 20x + 4500 
• W = 4500 + 20x 
• W(x) = 20x + 4500 
• W(x) = 4500 + 20x 
• I would accept any version of the equations I have 
listed above  
Unacceptable Responses 
(Score = 0): 
• W = 20x – 4500  
• W = 4500 – 20x  
• W(x) = 20x – 4500 
• W(x) = 4500 – 20x  
• I would not accept any 
function that uses an 
incorrect operation. 
• W = 4500(20)^x 
• W = 20 + 4500x 
• W = 4520x 
• W(x) = 4500(20)^x 
• W(x) = 20 + 4500x 
• W(x) = 4520x  
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Appendix G – Linear Pacing Guide 
 
Day Activity Time EL Relation 
 Conceptual understanding pretest was given prior to the 
start of Linear functions. 
50 min NA 
1 Warm-up: If you were to bungee jump from a tall 
structure, how would you go about determining the length 
of rope you would need? 
5 min CE 
1 Opening: Lead a discussion about trial and error and the 
important role that it plays in mathematics.  
5 min CE 
1 Work: Give students the Day 1 portion of  Bungee Bob’s. 
Students will use their cellphones and personal weighted items 
from home that they bring to use in the bungee jumping. 
Student will then collect data on their own personal weight and 
will use this data to eventually develop a model. 
35 min CE and RO 
1 Closing: Have students share the determining characteristics 
for the shape of their graphs. Be sure to listen intently to 
student responses and use this time to solidify understanding or 
clarify any misconceptions that may arise.  
5 min CE and RO 
2 Warm-up: Which function would be greater if it had a positive 
rate of change, exponential or linear? Lead a discussion with 
students about the warm-up question. The importance of the 
discussion is for students to realize that an exponential decay 
function can be greater than a linear function with a positive 
rate of change but it would only be for a little while, eventually 
the linear function would overtake exponential decaying 
function. 
5 min RO and AC 
2 Work: Give students the Day 2 portion of Bungee Bob’s. 
Students will be using their personal data from the 
previous day and desmos graphing utility to develop a 
model for their data. 
35 min RO and AC 
2 Closing: Have a few groups share their observations from 
the discussion question at the end of day 2. Be sure to 
listen intently to student responses and use this time to 
solidify understanding or clarify any misconceptions that 
may arise. 
10 min RO and AC 
3 Warm-up: Have students, with their partner, write an 
analysis of the rate of change of linear functions and 
exponential functions. Have a few students present their 
analysis to the class.  
5 min AE 
3 Work: Give students the Day 3 portion of Bungee Bob’s. 
Students on this day will be using their model to determine the 
number of rubber bands needed for their personal weight to 
bungee jump of the atrium balcony. 
After students use their model to launch their personal weight. 
They will then use what they have learned to critique the 
models of other groups.  
45 min AE 
4 Conceptual understanding of Linear functions posttest 50 min NA 
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Appendix H – Exponential Pacing Guide 
Day Activity Time EL Relation 
1 Conceptual understanding pretest (given approximately 3 
weeks prior to Bungee Bob’s). 
50 min NA 
2 Warm-up: Who makes the best insulated cup on the market 
today? Some brands include, Ozark Trail, Igloo, Yeti, Tervis, 
and RTIC. In a few sentences explain why you the brand you 
have chosen is the best, and how you would measure which 
cup is the best. Be sure to listen to responses and use them to 
help drive the students’ thinking toward rate of change as the 
characteristic we want to measure. 
5 min CE 
2 Opening: Ask students to share how we would measure which cup 
was the best. The majority of students will describe that the best 
cup can hold the temperature the longest. Use this opportunity to 
show them that they have just described what we call rate of 
change in mathematics, a relationship between two characteristics, 
time and temperature.   
5 min CE 
2 Work: Handout Thermal Throwdown. This handout guides 
students through the experiment using Vernier hardware and the 
graphical analysis app on their Chromebooks to collect data on 
their personal cup. As students are conducting the experiment they 
will need to answer questions about the phenomena they are 
observing.  
35 min CE and RO 
2 Closing: Students share their answers to the reflection 
questions at the end of day one of packet. Be sure to listen 
intently to student responses and use this time to solidify 
understanding or clarify any misconceptions that may arise.   
5 min CE and RO 
3 Warm-up: Have students provide examples in the real world 
of asymptotes (students may use liquids cooling in a glass, 
temperature of the earth) 
5 min RO and AC 
3 Work: Day 2 portion of thermal throwdown. Students will be 
using their personal data from the previous day and desmos 
graphing utility to develop a model for their data.  
35 min RO and AC 
3 Closing: Have students discuss their answers the discussion 
question at the end of day two. Be sure to listen intently to 
student responses and use this time to solidify understanding 
or clarify any misconceptions that may arise 
10 min RO and AC 
4 Warm-up: Give students a couple of real world examples and 
have them identify the rate of change (growth and decay in 
bacteria, temperature, and money are good). 
5 min AE 
4 Work: Give students the Day 3 and 4 portions of thermal 
throwdown. After students are done determining if their cup is the 
best. They will then use what they have learned to critique the 
models of other groups. They will then select a winner and give 
reasoning for their selection. 
45 min AE 
5 Conceptual understanding of exponential functions posttest 50 min NA 
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Appendix I – Bungee Bob’s 
Bungee Bob’s 
 
Day 1 
Congratulations you are starting a bungee jumping company!! Woohoo! To get started you need 
to need to do some trial runs with smaller objects before moving on to bigger items, like people. 
What we need to establish is the number of bands needed for objects that have different weights.  
 
Step 1 – partner up with someone in the room and collect the following materials 
• A bunch of rubber bands 
• A meter stick 
• A random object from the teacher 
• Cellphone with slow motion video capabilities 
 
 
Step 2 – let’s prep you object for its first launch 
• Use two rubber bands to create a slipknot  
 
 
 
 
 
 
 
 
 
 
 
 
• Wrap one of the bands around your object tightly so that when dropped it will not slip 
out. 
 
Step 3 – Using your cellphone, your object, and the meter stick, pin the rubber band at the top of 
the meter stick and drop the object while filming in slow motion. Record the lowest distance 
down the meter stick that your object reaches(remember you are measuring from zero inches to 
however far down the meter stick that the bottom of your object reaches). Repeat this process 
five to six more times adding one rubber band after each drop. Record your data in the table 
below 
Number of Rubber Bands 
x 
Lowest Distance your object reaches in inches  
f(x) 
1  
2  
3  
4  
5  
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6  
 
Step 4 – After you have completed the table it’s now time to create a model so that we can 
predict the number of rubber bands needed to move on to bigger jumps, like the balcony of the 
atrium.  
• First graph the table above and discuss with your partner whether the shape of the graph 
is linear or exponential  
• Once you and your partner decide on the shape of your graph, write in a sentence or two 
the reasons why you made your decision (shape, rate of change, etc.). 
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Day 2 
 
Now that we have determined that the shape of our graph is indeed linear let’s build a  model 
that will help predict how many bands you need for your customers to jump from whatever 
height they choose.  
 
The following equation is often used to model linear functions 𝑓(𝑥) = 𝑚𝑥 + 𝑏 where m is the 
rate of change and b is the y-intercept. 
 
• Using the data you collected determine the rate of change and y-intercept of your graph  
 
 
 
• You and your partner use this information to develop a model that represents your data 
(show all steps of your work). 
 
 
 
• Go to desmos.com and click "start graphing”. Insert a table to desmos then input your 
data into the table (use the screen shot feature to paste a picture of your table here).  
 
 
 
 
 
• Insert a new function into desmos and type the following expression 
(again use the screenshot feature and paste a picture of the graph here) 
 
 
 
 
 
 
• Share your graph with at least one person from each group 
 
 
  
What is your m value:_________; what does it represent in the context of the problem?  
 
 
 
What is your b value:_________; what does it represent in the context of the problem?  
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Discussion: you and your partner(s) discuss the results of Day 2. Specifically, talk about the rate 
of change between each data point. What do you notice? Is the average rate of change for the 
entire data set the same as the rate of change between each individual point? In a few sentences 
record your discussion here (show all work). 
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Day 3 
 
Okay let’s use the model we have developed to determine how many bands we need for the 
ultimate rush, bungee jumping off the balcony of the atrium. 
 
• First we need to measure the height from the atrium balcony to the floor:____________ 
 
 
 
• Now let’s use our model to predict how many bands we need for our object to 
successfully jump and not hit the floor but get as close as possible.  
o How many rubber bands does your model predict it will take to get as close to the 
floor as possible without hitting it:_____________ 
o You and your partner use your answer from above and go ahead and use your 
object to bungee jump off the atrium balcony. After you have conducted the jump, 
how close did you get? Could you get closer? 
o Keep adding bands until your object does strike the floor. How many more did it 
take? 
o If you had to add more bands to get closer to the floor, discuss with your partner 
why this was so and record your answers here in a few sentences.  
 
 
• Now that you have seen both exponential and linear functions compare the differences 
between characteristics of the two types of functions. What characteristics do they have 
in common? Where are they different?  
 
 
Finally, take your knowledge of linear functions that you have learned from your experiment and 
critique the data from at least one other group? Record your answers here. Some questions to 
consider: Would their object strike the ground (justify your answer mathematically)? Did they 
develop their model in a similar manner as you did? If not, what did they do differently? Does 
their model accurately predict the number of rubber bands needed? 
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Appendix J – Barbie Bungee 
Barbie Bungee 
Day 1 
 
 
The above graph shows Barbie’s bungee jumps with the height being given in centimeters.  
 
Step 1 – Create a table for the data given above  
 
Number of Rubber Bands 
x 
Lowest Distance Barbie reaches in cm  
f(x) 
1  
2  
3  
4  
5  
6  
7  
 
 
 
 
 
 
EFFECT OF EL ON CONCEPTUAL UNDERSTANDING IN ALGEBRA 1 
 168 
Step 2 – After you have completed the table it’s now time to create a model so that we can 
predict the number of rubber bands needed to move on to bigger jumps, like the balcony of the 
atrium. 
 
• First graph the table above and discuss with your partner whether the shape of the graph 
is linear(constant rate of change per unit interval) or exponential (common ratio over 
equal intervals) 
• Once you and your partner decide on the shape of your graph, write in a sentence or two 
the reasons why you made your decision (shape, rate of change, etc.). 
 
 
 
 
 
Let’s do a little practice with creating table from graphs 
 
Fill in the table below with the input 
and out values from the graph on the 
left, be sure to label the column 
headers 
  
  
  
  
  
  
  
 
 
Use the blank table below to create a 
table for the graph on the left, be sure 
to label the column headers 
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Use the blank table below to create a 
table for the graph on the left, be sure 
to label the column headers 
  
  
  
  
  
  
  
 
  
 
 
 
 
Day 2 
Using what we have learned from the Barbie Bungee task we can determine that the shape of our 
graph is indeed linear. Now let’s build the model that will help predict how many bands we need 
for our customers to jump from whatever height they choose.  
 
The following equation is often used to model linear functions 𝑓(𝑥) = 𝑚𝑥 + 𝑏 where m is the 
rate of change and b is the y-intercept. 
 
• Using the data you collected determine the rate of change and y-intercept of your graph  
 
 
 
• Working with your partner use this information to develop a model that represents your 
data (show all steps of your work). 
 
 
 
• Go to desmos.com and click "start graphing”. Insert a table to desmos then input your 
data into the table (use the screen shot feature to paste a picture of your table here).  
 
 
 
 
 
• Insert a new function into desmos and type the following expression 
(again use the screenshot feature and paste a picture of the graph here) 
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What is your m value:_________; what does it represent in the context of the problem?  
 
 
 
What is your b value:_________; what does it represent in the context of the problem?  
 
 
 
 
 
 
 
Discussion: you and your partner(s) discuss the results of Day 2. Specifically, talk about the rate 
of change between each data point. What do you notice? Is the average rate of change for the 
entire data set the same as the rate of change between each individual point? In a few sentences 
record your discussion here (show all work). 
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Day 3 
 
Okay let’s use the model we have developed to determine how many bands we need for the 
ultimate rush, bungee jumping off the balcony of the atrium. 
 
• First we need to measure the height from the atrium balcony to the floor, which is 915cm 
 
 
 
• Now let’s use our model to predict how many bands we need for Barbie to successfully 
jump and not hit the floor but get as close as possible.  
o How many rubber bands does your model predict it will take to get as close to the 
floor as possible without hitting it:_____________ 
 
 
 
Now that you have seen both exponential and linear functions compare the differences between 
characteristics of the two types of functions. What characteristics do they have in common? 
Where are they different? 
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Appendix K – Thermal Throwdown 
Thermal Throwdown 
 
Day 2 
 
Congratulations on entering your cup into the Thermal Throwdown! This competition is really 
heating up, lets hope your cup can keep it together and not lose its cool, if you know what I 
mean. Good luck and may the best cup win.  
 
To get things started, describe in a few sentences what you are going to do to determine whose 
cup is the best:  
Let’s get started! In our warm-up discussion today we developed how we would determine 
which cup would be declared the winner of the Thermal Throwdown. What characteristic does 
the best cup need to show in order to be declared the winner? 
 
 
 
 
Great! Now here is a list of things you will need for the competition: 
 
1. Your thermal insulated cup 
2. Chromebook 
3. Temperature probe 
4. Calculator 
 
 
Step 1: Make sure your Chromebook is on and the “Vernier graphical Analysis” app is installed 
and open. Once the app opens do not click anything.   
  
 
Step 2: Take your insulated mug to your teacher and let them fill it with the competition water. 
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Step 3: Return to your station with your mug. Plug the temperature probe into the Chromebook 
and select “Sensor data collection”, then insert the probe into the water in your insulated 
mug. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Question 1: The graphical analysis app is set to collect the temperature every five minutes but 
here at the beginning do you think the shape of the points will be, a line (constant rate of 
change) or a curve (common ratio over equal intervals)? 
 
 
 
Question 2: After 30 minutes have passed what observation can you make about the shape of the 
graph? Is your initial thought from question 1 correct?  
 
If your initial thought of the shape (line or curve) is correct then explain in a 
sentence or two why you think this is happening.  
 
 
 
If your initial thought of the shape (line or curve) is not correct then explain in a 
sentence or two why you think this is happening. 
 
 
 
Question 3: As you examine the graph, what is the y-intercept? 
 
 
 
Question 4: What does the y-intercept mean within the context of the problem?  
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Step 4: Stop collecting the temperature after 45 minutes has passed. Click on Experiment  near 
the top left corner of your screen and then rename the experiment “Thermalgraph_yourname” 
because we will be revisiting this graph tomorrow.  
 
 
 
 
 
 
 
 
 
 
 
Reflection: In mathematics, an asymptote is a line that a curve approaches. Did you notice an 
asymptote in your graph? If you did, then in a sentence or two describe what the asymptote 
represents within the context of your problem.  
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Day 3 
 
Step 1: Open the graphical analysis app and click on “open saved experiment” then find the file 
you saved and click on it.  
 
Step 2: From your graph use the table below to record your data points. You can find your data 
points by clicking on the box near the upper right corner of the app and then clicking on “graph”.  
 
Time (t) Temperature (T) 
  
  
  
  
  
  
  
  
  
 
 
Question 1: From the data points above discuss with your partner how much the temperature has 
changed from beginning to end? Is this rate of change the same between each time frame? 
 
 
 
Earlier this year we discussed one of the models for exponential equations 
𝑓(𝑥) = 𝑎𝑏𝑥 , where a is the starting amount and b is the base (or the ratio of 
change). With your partner use the information and the graphical analysis app to 
write an exponential equation that models your data.  
  
What is your a value:_________; why did you choose this and what does it 
represent in the context of the problem? 
 
 
What is your b value:_________; why did you choose this and what does it 
represent in the context of the problem? 
 
 
Your equation:________________________ 
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Discussion: you and your partner(s) discuss the results from question 1. Specifically, talk about 
the rate of change between each individual time interval. What do you notice? Is the average rate 
of change for the entire data set the same as the rate of change between each individual point? In 
a few sentences record your discussion here.  
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Day 4 
 
Question 1: If the liquid in your cup was left on the counter for 2 hours, what temperature would 
it reach?  
 
 
 
Question 2: Discuss with your partner, if left on the counter all day would the graph ever reach 
0? Record your discussion here.  
 
 
 
Question 3: If scalding occurs in liquids that are around 120 degrees, what would be an 
appropriate wait time to drink the liquid in your cup.  
 
 
 
Question 4: Discuss with your partner whether your graph represents exponential growth, or 
exponential decay. 
 
 
 
 
Now that you have analyzed your awesome thermal insulated mug share your graph 
(through google drive) with one person from each group. It is your turn now to 
analyze the graphs of the other groups to see how your mug handles the pressure. 
 
 
Step 1: Since each group has shared their graph with you it is time to compare your cups 
performance with theirs.  
 
Step 2: With your partner determine the rate of change of the graphs and compare them with 
your cups performance. 
 
Step 3: After analyzing the other graphs in the room, you and your partner develop a presentation 
as to why your cup is or isn’t the best, and if you think your cup wasn’t the best then who would 
you nominate as having the best cup. 
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Appendix L– Cool Coffee 
Cool Coffee 
 
Day 2 
 
 
 
 
Question 1: Looking at the graph above, what type of graph would best model the data, a line 
(Constant rate of change per unit interval) or a curve (rate of change is a common ratio 
over equal intervals)? 
 
 
 
Question 3: As you examine the graph, what is the y-intercept? 
 
 
 
Question 4: What does the y-intercept mean within the context of the problem?  
 
 
Reflection: In mathematics, an asymptote is a line that a curve approaches. Did you notice an 
asymptote in your graph? In a sentence or two describe what the asymptote represents within the 
context of your problem.  
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Day 3 
 
Question 1: From your graph use the table below to record your data points 
 
Time (t) Temperature (T) 
  
  
  
  
  
  
  
  
  
 
 
Question 2: From the data points above discuss with your partner how much the temperature has 
changed from beginning to end? Specifically, discuss your observations of the rate of change. 
Would you say that it is constant per unit interval or does it appear to be a common ratio over 
equal intervals? Justify your reasoning. , discuss what was the average change in temperature 
over time?  
 
 
 
Earlier in class we discussed one of the formulas for exponential equations 
𝑓(𝑥) = 𝑎𝑏𝑥 , where a is the starting amount and b is the base (or the rate of 
change). With your partner use the information you have gathered thus far to 
write an exponential equation that models your data.  
 ~ using desmos.com graphing calculator insert a table 
 
 
 
 
 
  
 
 
 
 ~ Enter the points from the graph above into the table and then zoom out to see 
your points plotted on the graph 
 ~ Insert a new expression and type  
 ~ Look under parameter to answer the following questions 
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What is your a value:_________; what does it represent in the context of the 
problem? 
 
 
What is your b value:_________; what does it represent in the context of the 
problem? 
 
 
Your equation:________________________ 
 
 
 
Discussion: you and your partner(s) discuss the results from question 1. Specifically, talk about 
the rate of change between each individual time interval. What do you notice? Is the average rate 
of change for the entire data set the same as the rate of change between each individual point? In 
a few sentences record your discussion here.  
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Day 4 
 
Discuss with your partner the following questions 
 
Question 1: If the coffee was left on the counter 2 hours after, what temperature would it reach?  
 
 
 
Question 2: if left on the counter all day would the graph ever reach 0? Record your discussion 
here.  
 
 
 
Question 3: If scalding occurs in liquids that are around 120 degrees, what would be an 
appropriate wait time to drink the coffee in your cup.  
 
 
Question 4: Does the coffee scenario after 2 hours represent exponential growth, or exponential 
decay. Justify your answer.  
 
 
Question 5: What other types of real world scenarios do you think could be represented by the 
type of function you identified in the previous question? List all your scenarios below. 
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Appendix M – Linear Pacing Guide Control Group 
 
Linear Functions Pacing Guide – Control Group (Barbie Bungee) 
Day Activity Time 
 Conceptual understanding pretest was given 3 weeks prior to the start . 50 min 
1 Warm-up: If you were to bungee jump from a tall structure, how 
would you go about determining the length of rope you would need? 
5 min 
1 Opening: during this time the teacher would present, through lecture, 
the characteristics of Linear functions to the class and demonstrate 
how to find them using example graph. The characteristics are: 
domain; range; rate of change; and y-intercepts. 
5 min 
1 Work: Give students the Day 1 portion of Barbie Bungee 35 min 
1 Closing: Have students share the determining characteristics for the 
shape of their graphs. Be sure to listen intently to student responses 
and use this time to solidify understanding or clarify any 
misconceptions that may arise. 
5 min 
2 Warm-up: Have students discuss which is greater, an exponential 
decay function, or a linear function with a positive rate of change. 
Lead a discussion with students about the warm-up question. The 
importance of the discussion is for students to realize that an 
exponential decay function can be greater than a linear function with a 
positive rate of change but it would only be for a little while, 
eventually the linear function would overtake exponential decaying 
function. 
5 min 
2 Work: Give students the Day 2 portion of Barbie Bungee 35 min 
2 Closing: Have a few groups share their observations from the 
discussion question at the end of day 2. Be sure to listen intently to 
student responses and use this time to solidify understanding or clarify 
any misconceptions that may arise. 
10 min 
3 Warm-up: Have students, with their partner, write an analysis of the 
rate of change of linear functions and exponential functions. 
5 min 
3 Work: Give students the Day 3 portion of Barbie Bungee. 45 min 
4 Conceptual understanding of linear functions posttest 50 min 
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Appendix N – Exponential Functions Pacing Guide Control Group 
 
Exponential Functions Pacing Guide – Control Group (Cool Coffee) 
 
Day Activity Time 
1 Conceptual understanding pretest (given approximately 3 weeks prior 
to Bungee Bob’s). 
50 min 
2 Warm-up: Who makes the best insulated cup on the market today? 
Some brands include, Ozark Trail, Igloo, Yeti, Tervis, and RTIC. In a 
few sentences explain why you the brand you have chosen is the best, 
and how you would measure which cup is the best. Be sure to listen to 
responses and use them to help drive the students’ thinking toward 
rate of change as the characteristic we want to measure. 
5 min 
2 Opening: During this time the teacher would present, through lecture, 
the characteristics of exponential functions to the class and 
demonstrate how to find them using example graph. The 
characteristics are: domain; range; rate of change; y-intercepts; and 
asymptotes. 
5 min 
2 Work: Give the students the handout Cool Coffee to work on with 
their partner. 
35 min 
2 Closing: Have students share their answers to the reflection/discussion 
questions at the end of day one of packet. 
5 min 
3 Warm-up: Have students provide examples in the real world of 
asymptotes (students may use liquids cooling in a glass, temperature 
of the earth) 
5 min 
3 Work: Give students the Day 2 portion of Cool Coffee. 35 min 
3 Closing: Have students discuss their answers to the discussion 
question at the end of day two. 
10 min 
4 Warm-up: Give students a couple of real world examples and have 
them identify the rate of change (growth and decay in bacteria, 
temperature, and money are good). 
5 min 
4 Work: Give students the Day 3 and 4 portions of Cool Coffee 45 min 
5 Conceptual understanding of exponential functions posttest 50 min 
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Appendix O – Raw Data 
 
Identifier 
Overall Pretest 
Score 
Phase 1: T or 
C 
Phase 2: T or 
C Overall Pretest Percentage 
1 14 T C 100% 
2 6 T C 43% 
3 7 T C 50% 
4 13 T C 93% 
5 13 T C 93% 
6 11 T C 79% 
7 12 T C 86% 
8 9 T C 64% 
9 9 T C 64% 
10 10 T C 71% 
11 6 T C 43% 
12 10 T C 71% 
13 6 T C 43% 
14 12 T C 86% 
15 13 T C 93% 
16 10 T C 71% 
17 7 T C 50% 
18 8 T C 57% 
19 7 T C 50% 
20 8 T C 57% 
21 10 T C 71% 
22 2 T C 14% 
23 7 T C 50% 
24 4 T C 29% 
25 11 T C 79% 
26 5 T C 36% 
27 6 T C 43% 
28 11 T C 79% 
29 5 T C 36% 
30 7 T C 50% 
31 15 T C 107% 
32 14 T C 100% 
33 12 T C 86% 
34 7 T C 50% 
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35 13 T C 93% 
36 10 T C 71% 
37 5 T C 36% 
38 7 C T 50% 
39 9 C T 64% 
40 9 C T 64% 
41 4 C T 29% 
42 7 C T 50% 
43 10 C T 71% 
44 6 C T 43% 
45 2 C T 14% 
46 6 C T 43% 
47 3 C T 21% 
48 2 C T 14% 
49 8 C T 57% 
50 6 C T 43% 
51 8 C T 57% 
52 4 C T 29% 
53 11 C T 79% 
54 5 C T 36% 
55 9 C T 64% 
56 8 C T 57% 
57 5 C T 36% 
58 6 C T 43% 
59 15 C T 107% 
60 3 C T 21% 
61 4 C T 29% 
62 8 C T 57% 
63 8 C T 57% 
64 10 C T 71% 
65 10 C T 71% 
66 8 C T 57% 
67 5 C T 36% 
68 8 C T 57% 
69 19 C T 136% 
70 3 C T 21% 
71 12 C T 86% 
72 10 C T 71% 
73 8 C T 57% 
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74 4 C T 29% 
75 5 C T 36% 
76 4 C T 29% 
77 3 C T 21% 
78 2 C T 14% 
79 9 C T 64% 
80 2 C T 14% 
81 11 C T 79% 
 
LM Score LI Score LT Score Overall Linear 
3 4 1 8 
1 1 0 2 
1 1 1 3 
3 4 1 8 
2 3 2 7 
2 2 1 5 
2 4 1 7 
0 1 1 2 
1 2 0 3 
2 2 1 5 
2 2 0 4 
2 2 1 5 
1 1 0 2 
4 2 1 7 
3 3 2 8 
1 2 1 4 
2 3 1 6 
2 2 0 4 
1 1 1 3 
0 1 0 1 
2 1 1 4 
0 1 0 1 
1 2 1 4 
2 1 0 3 
2 1 3 6 
1 2 0 3 
1 0 1 2 
3 3 0 6 
EFFECT OF EL ON CONCEPTUAL UNDERSTANDING IN ALGEBRA 1 
 187 
1 0 1 2 
2 2 0 4 
4 2 2 8 
3 2 0 5 
3 2 1 6 
2 2 1 5 
4 1 1 6 
1 2 1 4 
0 0 2 2 
1 2 1 4 
0 1 1 2 
2 2 1 5 
2 0 1 3 
2 1 2 5 
3 3 1 7 
2 0 1 3 
0 0 0 0 
1 1 0 2 
0 0 0 0 
0 1 0 1 
2 2 1 5 
2 1 1 4 
1 1 2 4 
2 2 0 4 
3 2 1 6 
1 0 0 1 
2 1 2 5 
2 2 0 4 
1 3 0 4 
1 1 2 4 
3 5 2 10 
0 1 1 2 
0 1 1 2 
2 1 0 3 
1 1 2 4 
2 2 1 5 
2 2 2 6 
2 1 2 5 
1 1 0 2 
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3 1 0 4 
4 4 1 9 
0 0 0 0 
1 3 1 5 
1 1 3 5 
0 2 1 3 
1 0 1 2 
0 0 1 1 
1 1 1 3 
0 1 1 2 
1 0 0 1 
3 4 0 7 
0 0 1 1 
4 1 1 6 
 
EXM Score EXI Score EXT Score Overall Exponential 1-EX.M 
2 2 2 6 1 
3 0 1 4 1 
1 1 2 4 1 
1 3 1 5 0 
3 3 0 6 1 
1 4 1 6 1 
1 3 1 5 1 
2 4 1 7 1 
3 3 0 6 1 
3 2 0 5 1 
1 0 1 2 0 
2 1 2 5 1 
2 1 1 4 1 
4 1 0 5 1 
1 4 0 5 1 
2 2 2 6 1 
0 1 0 1 0 
0 2 2 4 0 
2 1 1 4 1 
3 2 2 7 1 
3 1 2 6 1 
0 1 0 1 0 
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2 0 1 3 1 
1 0 0 1 0 
2 2 1 5 0 
1 0 1 2 1 
3 0 1 4 1 
3 1 1 5 1 
2 0 1 3 1 
2 0 1 3 1 
3 4 0 7 1 
4 3 2 9 1 
3 3 0 6 1 
0 1 1 2 0 
2 5 0 7 0 
1 4 1 6 0 
1 1 1 3 1 
1 0 2 3 1 
3 4 0 7 1 
1 3 0 4 0 
0 1 0 1 0 
0 2 0 2 0 
3 0 0 3 1 
1 0 2 3 1 
0 2 0 2 0 
2 1 1 4 1 
1 0 2 3 1 
0 0 1 1 0 
2 0 1 3 1 
1 1 0 2 1 
1 2 1 4 0 
0 0 0 0 0 
2 1 2 5 1 
0 3 1 4 0 
2 1 1 4 1 
0 3 1 4 0 
1 0 0 1 0 
1 1 0 2 1 
2 1 2 5 1 
0 1 0 1 0 
0 1 1 2 0 
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3 2 0 5 1 
1 3 0 4 1 
2 3 0 5 1 
1 2 1 4 0 
0 2 1 3 0 
1 2 0 3 1 
1 3 0 4 0 
4 4 2 10 1 
1 1 1 3 1 
3 3 1 7 1 
2 2 1 5 1 
2 3 0 5 1 
1 1 0 2 0 
3 0 1 4 1 
0 1 0 1 0 
1 0 0 1 1 
1 0 0 1 1 
1 1 0 2 1 
1 0 0 1 1 
3 2 0 5 1 
 
2-LM  3-EXI 4-LI 5-EXT 6-LT  7-EXM 8-LM  9-EXI 10-LI 11-EXT  
1 1 1 0 0 0 1 1 1 1 
0 0 0 1 0 0 1 0 1 0 
0 1 0 1 1 0 0 0 0 1 
1 0 0 0 0 0 1 1 1 1 
0 1 0 0 1 0 0 0 1 0 
0 1 0 0 1 0 1 1 1 1 
0 1 0 0 0 0 1 0 1 0 
0 1 0 0 0 0 0 1 0 1 
0 0 0 0 0 0 1 1 1 0 
1 1 0 0 0 0 1 0 0 0 
1 0 0 0 0 0 0 0 1 1 
1 1 0 0 0 0 0 0 1 1 
0 0 0 0 0 0 1 1 1 1 
1 0 0 0 0 1 1 1 1 0 
1 1 1 0 1 0 1 1 1 0 
0 1 0 1 0 0 0 1 1 0 
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1 0 0 0 0 0 1 1 1 0 
1 0 0 0 0 0 1 0 1 1 
0 1 0 1 1 0 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 
1 0 0 1 1 1 1 0 1 1 
0 1 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 1 0 1 1 
1 0 0 0 0 0 1 0 0 0 
1 1 0 0 1 0 0 0 1 1 
0 0 0 1 0 0 1 0 1 0 
0 0 0 0 0 0 1 0 0 1 
1 0 0 0 0 1 1 1 1 1 
0 0 0 0 0 0 1 0 0 1 
1 0 0 0 0 1 1 0 1 1 
1 1 0 0 1 0 1 1 1 0 
1 1 0 0 0 1 1 1 1 1 
0 1 0 0 0 0 1 0 1 0 
1 0 0 0 0 0 0 1 1 0 
1 1 0 0 0 1 1 1 1 0 
0 1 0 0 0 0 0 1 1 0 
0 0 0 0 1 0 0 0 0 1 
1 0 0 1 0 0 0 0 0 0 
0 1 0 0 0 0 0 1 0 0 
0 1 0 0 0 0 1 1 1 0 
0 1 0 0 0 0 1 0 0 0 
0 0 0 0 1 0 1 0 1 0 
1 0 0 0 0 0 1 0 1 0 
1 0 0 1 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 0 
0 0 0 1 0 0 0 0 1 0 
0 0 0 1 0 0 0 0 0 1 
0 0 1 0 0 0 0 0 0 1 
0 0 0 1 0 0 0 0 1 0 
1 1 0 0 0 0 1 0 1 0 
1 1 0 0 1 0 0 0 0 1 
1 0 1 0 0 0 0 0 1 0 
1 0 1 1 0 0 1 1 1 1 
1 0 0 0 0 0 0 1 0 1 
1 0 0 0 1 1 1 1 1 1 
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1 0 0 1 0 0 0 1 1 0 
1 0 0 0 0 1 0 0 0 0 
1 0 0 0 0 0 0 1 1 0 
1 0 1 1 0 0 0 0 1 0 
0 0 0 0 1 0 0 1 0 0 
0 0 0 0 0 0 0 0 0 1 
1 0 0 0 0 0 1 1 1 0 
0 1 0 0 1 0 1 1 1 0 
1 0 0 0 0 1 0 1 1 0 
0 1 0 0 0 0 1 0 1 1 
1 1 0 0 0 0 0 0 1 1 
0 1 0 0 0 0 0 0 1 0 
1 1 0 0 0 0 1 0 1 0 
1 0 1 1 0 1 1 1 0 1 
0 0 0 1 0 0 0 1 0 0 
0 1 0 0 1 0 1 1 1 0 
1 1 0 0 1 0 0 0 1 1 
0 0 0 0 1 1 0 1 1 0 
1 0 0 0 0 0 0 0 0 0 
0 0 0 0 1 1 0 0 0 1 
1 0 0 0 0 0 0 0 0 0 
0 0 0 0 1 0 0 0 0 0 
0 0 0 0 0 0 1 0 0 0 
1 0 1 0 0 0 1 1 1 0 
0 0 0 0 1 0 0 0 0 0 
1 0 0 0 0 1 1 1 1 0 
 
12-LT  13-EXM 14-LM  15-EXI 16-LI 17-EXT  18-LT  19-EXM 20-LM  
0 0 1 0 0 1 1 1 0 
0 1 0 0 0 0 0 1 0 
0 0 1 0 0 0 0 0 0 
0 0 0 0 1 0 1 1 1 
0 1 1 0 0 0 1 1 1 
0 0 0 0 1 0 0 0 1 
1 0 0 1 1 1 0 0 1 
0 0 0 1 1 0 1 1 0 
0 1 0 1 0 0 0 1 0 
0 1 0 0 1 0 1 1 0 
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0 1 1 0 1 0 0 0 0 
1 0 1 0 0 1 0 1 0 
0 0 0 0 0 0 0 1 0 
1 1 1 0 0 0 0 1 1 
0 0 1 1 1 0 1 0 0 
1 0 0 0 1 1 0 1 1 
0 0 0 0 0 0 1 0 0 
0 0 0 1 0 1 0 0 0 
0 0 0 0 0 0 0 1 1 
0 1 0 0 0 0 0 1 0 
0 0 0 1 0 0 0 1 0 
0 0 0 0 0 0 0 0 0 
1 1 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 0 
1 1 0 1 0 0 1 1 1 
0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 1 1 0 
0 0 0 0 1 0 0 1 1 
1 1 0 0 0 0 0 0 0 
0 0 0 0 1 0 0 0 0 
1 1 1 1 0 0 0 1 1 
0 1 0 0 0 1 0 1 1 
0 1 1 1 1 0 1 1 1 
1 0 0 0 0 1 0 0 1 
1 0 1 1 0 0 0 1 1 
0 0 0 1 0 1 1 1 1 
0 0 0 0 0 0 1 0 0 
1 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 1 1 0 
0 0 1 1 0 0 1 1 0 
0 0 1 0 0 0 0 0 0 
1 0 1 1 0 0 0 0 0 
1 1 0 0 1 0 0 1 1 
0 0 1 0 0 0 1 0 0 
0 0 0 1 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
1 1 1 0 0 0 0 0 1 
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0 0 0 0 0 0 1 0 0 
1 1 0 1 1 0 0 0 0 
0 0 1 0 0 0 0 0 0 
1 1 1 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 
0 0 1 1 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 
1 0 1 1 1 1 1 1 1 
0 0 0 0 1 0 0 0 0 
0 0 0 0 0 0 1 0 0 
0 1 0 1 0 0 0 1 0 
1 0 0 1 0 0 0 0 0 
1 0 0 1 1 0 0 0 1 
1 0 0 0 0 0 1 1 1 
1 0 1 0 0 0 1 0 0 
0 0 0 1 0 0 0 0 1 
0 0 0 0 0 0 0 1 1 
0 1 1 1 1 0 1 1 1 
0 0 0 0 0 0 0 0 0 
0 1 0 1 1 1 0 1 0 
1 1 0 1 0 0 1 0 0 
0 0 0 0 0 0 0 0 0 
1 1 0 1 0 0 0 0 0 
0 0 0 0 0 0 0 1 0 
0 0 0 0 1 0 1 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 
1 1 1 0 0 0 0 0 1 
 
21-EXI 22-LI 23-EXI 24-LI 25-LT  26-LI 
0 0 0 1 0 1 
0 0 0 0 0 0 
0 1 0 0 0 0 
1 1 1 1 0 0 
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1 1 1 1 0 0 
1 0 1 0 0 0 
0 1 1 1 0 0 
1 0 0 0 0 0 
0 1 1 0 0 0 
1 0 0 1 0 0 
0 0 0 0 0 0 
0 0 0 1 0 0 
0 0 0 0 0 0 
0 0 0 1 0 0 
1 0 0 0 0 0 
0 0 0 0 0 0 
0 1 0 1 0 0 
1 0 0 1 0 0 
0 0 0 0 0 0 
1 1 0 0 0 0 
0 0 0 0 0 0 
0 0 0 1 0 0 
0 1 0 0 0 0 
0 1 0 0 0 0 
0 0 0 0 0 0 
0 0 0 1 0 0 
0 0 0 0 0 0 
0 1 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
1 0 0 1 0 0 
0 1 1 0 0 0 
0 0 1 0 0 0 
0 0 0 1 0 0 
1 0 1 0 0 0 
0 0 1 1 0 0 
0 0 1 0 0 0 
0 1 0 1 0 0 
1 1 0 0 0 0 
0 0 0 1 0 0 
0 0 0 0 1 0 
1 0 0 0 0 0 
0 0 0 1 0 0 
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0 0 0 0 0 0 
1 0 0 0 0 0 
1 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 1 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
1 0 1 0 0 0 
0 0 0 0 0 0 
1 0 0 1 0 0 
0 1 0 1 0 1 
0 0 0 0 0 0 
0 1 0 1 0 0 
0 0 0 0 0 0 
1 0 0 1 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
1 0 0 0 0 0 
0 0 1 0 0 1 
0 0 1 0 0 0 
0 0 0 0 0 0 
1 0 1 0 0 0 
1 1 1 1 0 0 
0 0 0 0 0 0 
0 0 0 1 0 0 
0 0 0 0 0 0 
1 1 1 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
1 0 0 0 0 0 
0 1 0 0 0 0 
0 0 0 0 0 0 
0 1 0 1 0 0 
0 0 0 0 0 0 
0 0 1 0 0 0 
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